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This  Is  the  second  book  of  Part  A  and  Includes  Chapters  IV  through  VI. 

The  initial  chapters,  I  through  III,  are  Included  la  the  first  book. 

Also  presented  In  the  Introduction  of  that  book  are  brief  descriptions 
of  the  five  parts  of  the  study;  a  sumary  of  the  project's  background 
and  development;  a  Table  of  Contents  for  the  complete  study;  and  listings 
of  Stud>'  Kanagement  Team  members  and  Consultants  Involved  In  Che  study 
effort. 
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Outdoor  recreation,  as  one  of  the  authorized  purposes  of  the  locks  Island 
Lake  Project,  must  be  analyzed  within  the  context  of  the  needs  of  a  de¬ 
fined  service  area  —  although  its  service  area  varies  from  that  of  flood 
control,  water  supply  or  power  generation.  Recreation  is  an  intangible 
commodity  and  its  analysis  is  substantially  different  from  that  produced 
by  the  other  authorized  purposes  in  several  respects  which  influence  the 
content  and  nature  of  this  chapter  compared  with  others  in  Part  A. 

First,  the  output  is  not  a  fixed,  measurable  quantity  such  as  kilowatts 
of  electricity  or  gallons  of  water  of  a  certain  quality;  the  recreation 
commodity  is,  in  economic  terras,  highly  substitutable  —  a  person  may  enjoy 
swimming  and  derive  a  value  from  the  experience  but  he  may  derive  equal 
benefits,  and  not  be  considered  deprived,  by  hiking  in  the  mountains 
instead  if  he  does  not  live  near  the  beaches. 

Second,  recreation  is  the  only  authorized  purpose  for  which  the  consumer 
travels  to  the  resource  rather  than  having  it  delivered  to  him  as  is  the 
case  with  water,  power  and,  in  a  way,  flood  protection.  This  introduces 
great  flexibility  in  the  service  area  definition  and  adds  to  the  substituta¬ 
bility  of  the  commodity. 


Third,  and  perhaps  most  Important  to  this  chapter,  recreation  is  not  a 
highly  technological  field.  The  data  is  Incomplete,  Inconsistent  and 
often  subjective  and  the  output  of  any  analysis  must  be  viewed  in  that 
light.  Nevertheless,  this  chapter  is  analytical  to  the  extent  permitted 
by  the  data  and  its  primary  purpose  is  to  quantify  recreation  demand  and 
supply  within  the  recreation  service  area.  More  qualitative  aspects  of 
the  recreation  experience  at  DWGNRA  with  and  without  a  lake  are  discussed 
in  Chapter  XVIII. 

The  organization  of  this  chapter  follows  a  logical  format  of  a  supply/ 
demand/needs  analysis.  The  first  section  provides  some  historical  back¬ 
ground  on  outdoor  recreation  in  America  and  attempts  to  analyze  it.  The 
second  describes  the  present  and  future  supply  of  facilities  in  the 
recreation  service  area,  which  is  also  defined  in  that  section.  The  third 
section  describes  demand  and  demographic  characteristics  of  recreation 
participants  within  the  service  area;  and  the  final  section  compares 
supply  and  demand  and  projected  needed  future  facilities. 
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IVA  PREFACE:  TOR  THE  BENEFIT  AND  ENJOYMENT  OF  THE  PEOPLE” 


These  words  stand  carved  In  stone  at  the  north  entrance  of  Yellowstone 
National  Park.  Today,  after  more  than  100  years  of  the  National  Park 
System  experience,  many  analysts  see  these  words  as  the  focus  of  a  great 
dilemma;  how  can  more  and  more  of  "the  People,"  for  whom  the  parks  are 
preserved,  continue  to  see  them  without  damaging  the  natural  qualities  we 
seek  to  enjoy?  Stated  differently,  this  dilemma  is  a  part  of  the  tradi¬ 
tional  economic  question  of  supply  and  demand  as  applied  to  recreation 
resources  —  how  can  more  and  more  demand  for  recreation  be  satisfied  with 
the  existing  or  created  supply  while  maintaining  the  quality  of  the  recrea¬ 
tion  experience. 


IV. A. 1.  THE  RECREATION  MOVEMENT:  AN  HISTORICAL  PERSPECTIVE 

The  Puritans  who  first  settled  in  America  disapproved  of  sports,  games  and 
amusements  although  they  participated  in  many  activities  which  were  both 
communal  or  individual  sources  of  enjoyment,  such  as  quilting  bees,  county 
fairs,  hunting  and  fishing.  Continued  immigration  and  prosperity  brought 
an  ever  broadening  range  of  recreation  activities.  Increases  in  the  diver¬ 
sity  of  activities  created  a  parallel  increase  in  both  public  and  private 
recreation  spaces.  Concert  halls,  theaters,  taverns,  and  saloons  became 
common  expressions  of  indoor  recreation  demands.  Fairgrounds,  town 
commons,  and  playing  fields  became  common  outdoor  recreation  facilities. 
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Many  of  these  activities  took  place  in  an  apparently  limitless  expanse  of 
open  space  or  undeveloped  land  within  easy  walking  distance  of  every 
village  or  city.  The  growth  of  the  industrial  city  in  the  latter  half  of 
the  19th  Century  was  to  change  the  pre-industrial  relationship  between  ex¬ 
cessive  supply  and  limited  demand. 

The  transformation  of  open  space  to  high  density  urban  areas  began  to  alarm 
some  individuals  participating  in  the  fledgling  Social  Reform  Movement 
before  the  end  of  the  19th  Century.  Central  Park,  America's  first  munici¬ 
pal  park  devoted  to  outdoor  recreation,  was  bom  from  the  feeling  of  such 
reformers  and  the  design  talent  of  Frederick  Law  Olmsted  in  1853.  Olmsted 
stated  that  such  an  open  space,  composed  of  an  "essentially  rural  land¬ 
scape,"  complemented  the  city  and  provided  "tranquility  and  rest  to  the 
mind."  From  this  movement  sprang  the  concept  that  recreation  was  a  social 
good  which  might  also  be  termed  re-creation.  It  was  this  belief  in  open 
space  as  a  necessity  for  social  well-being  that  spurred  the  public  involve¬ 
ment  in  the  provision  of  parks  and  playgrounds.  At  the  same  time,  Henry 
David  Thoreau  was  saying  "in  wilderness  is  the  preservation  of  mankind." 

Most  of  the  early  examples  of  publicly  supplied  recreation  areas  were  neigh' 
borhood  playgrounds  which  provided  highly  disciplined  and  supervised  activ¬ 
ities.  The  purpose  of  the  playgrounds  was  not  only  to  protect  the  children 
from  the  heat,  danger  and  dirt  of  the  city  and  the  immorality  of  the  city 
streets,  but  equally  to  protect  the  adults  from  being  annoyed  by  children 
who  were  taking  part  in  unsupervised  play. 
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Privately  provided  outdoor  recreation  areas  catered  more  to  the  public's 
desire  for  amusement  In  a  naturalistic  rural  setting.  Privately  developed 
amusement  parks  and  "pleasuring  grounds"  were  found  on  the  outskirts  of 
most  urban  areas  by  the  turn  of  the  century.  These  areas  often  provided 
facilities  for  swimming,  picnicking,  boating,  music,  dancing,  and  an 
assortment  of  rides.  Still  farther,  but  accessible  by  train,  were  numer¬ 
ous  private  resorts  such  as  the  Klttatlnny  House  at  the  Delaware  Water  Gap. 
Here,  guests  consisted  of  well-to-do  vacationers  who  came  to  enjoy  the 
mountain  air,  the  dramatic  views,  and  the  services  of  the  elaborately 
equipped  hotel. 

The  early  20th  Century  brought  many  changes.  Higher  living  standards  and 
the  concessions  won  by  the  emerging  Labor  Movement  resulted  in  an  Increase 
In  leisure  time  and  recreation  demand.  At  the  same  time,  new  technologies 
drastically  altered  the  mobility  of  the  recreation  seeker .  Public  transit 
and  especially  the  private  automobile  created  demand  for  regional,  state 
and  national  parks. 

Increased  concentration  of  manufacturing  and  unsolved  problems  with  disposal 
of  waste  products  began  to  have  secondary  effects  on  water  quality  and 
water-dependent  natural  systems.  As  these  systems  began  to  deteriorate 
their  recreation  value  was  diminished.  People  who  had  the  necessary  mobil¬ 
ity  began  to  seek  their  enjoyment  elsewhere.  By  the  1930's,  many  people 
could  leave  the  city  for  open  country.  The  two-week  vacation  with  pay  and 
the  five-day  work  week  provided  sufficient  time  for  excursions  Into  the 
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countryside.  The  private  recreation  Industry  responded  with  such  facili¬ 
ties  as  rental  cottages  for  the  longer  vacationer  and  commercialized 
"scenic  sites"  for  the  weekenders  or  Sunday  drivers.  Providers  of  public 
recreation  concentrated  on  expanded  municipal  park  systems  and  evolved 
both  the  Recreation  Movement  and  a  professionalism  with  eiiq>hasls  on  organ¬ 
ized  programs  and  leadership. 

The  Depression  was  a  positive  Influence  on  the  public  suppliers  of  recrea¬ 
tion.  As  private  suppliers  found  reduced  attendance  at  their  facilities, 
the  demand  for  public  recreation  areas  soared.  Work  Relief  Programs  em¬ 
ployed  thousands  of  persons  to  develop  and  expand  the  supply  of  recreation 
areas.  The  Second  World  War  brought  many  of  these  development  activities 
to  a  standstill  and  recreation  demand  was  partially  curtailed  as  the 
country  pulled  together  to  fight  the  enemy. 

The  post-war  period  saw  marked  changes  In  population,  living  patterns, 
mobility,  disposable  income  and  increased  leisure  time.  Vacant  land  around 
the  cities  became  suburbs.  Rural  areas,  once  nearby,  were  more  and  more 
distant.  More  and  bigger  roads  and  highways  were  a  means  for  meeting  the 
ever  Increasing  recreation  demands,  while  open  space  had  to  compete  with 
Increased  demands  for  other  socially  Important  programs  for  funding  priori¬ 
ties.  Finally,  In  the  1960 's,  the  lack  and  poor  quality  of  recreation 
facilities  In  urban  areas  was  cited  as  one  of  many  Important  causes  of 
civil  disorders  In  the  cities.  Slowly,  the  social  Importance  of  re-creation 
Is  being  re-acknowledged  and  park  agencies  are  attempting  to  develop  new 
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recreation  opportunities  near  the  concentrations  of  urban  population.  One 
Important  aspect  of  this  effort  is  assessment  of  recreation  demand  and 
supply  so  that  park  planners  respond  with  facilities  to  meet  the  most  Im¬ 
portant  needs. 

This  concern  for  recreation  demand  and  supply  Is  a  logical  consequence  of 
planning  In  an  atmosphere  of  scarcity.  Still,  the  accuracy  of  any  attempt 
to  quantify  these  elements  and  project  them  into  the  future  is  both  diffi¬ 
cult  and  fraught  with  limitations.  The  following  paragraphs  will  discuss 
the  general  context  of  demand,  supply  and  needs  for  recreation  while  the 
specific  methodology  employed  in  this  study  and  Its  results  will  be  pre¬ 
sented  In  following  sections  of  this  chapter. 


IV, A. 2.  BACKGROUND  ON  DEMAND 


Constant  reference  to  demand  for  recreation  has  been  made  in  the  preceding 
sections.  Simply  stated,  this  demand  is  best  defined  as  the  amount  and 
kinds  of  recreation  opportunities  or  facilities  consumed  by  the  public. 

Demand  is  considered  to  be  subject  to  variation  with  changes  in  leisure 
time,  population  size  and  composition,  mobility,  and  income. 

IV. A. 2. (a)  Leisure 

The  time  available  for  recreation  Is  an  important  determinant  of  demand. 

In  the  past,  clear  relationships  between  increased  leisure  time  and  increased 
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recreation  demand  have  been  observed.  A  recent  study  by  the  University  of 
Michigan  Survey  Research  Center  entitled  "Summary  of  the  U.S.  Time  Use 
Survey"  Indicates  that  the  average  family  now  spends  20  percent  of  each 
work  day  on  nonessential  activities.  Marlon  Clawson  projects  it  to  be  34 
percent  by  the  year  2000.  Of  the  total  leisure  time  available .  some  esti¬ 
mate  as  little  as  three  or  four  percent  Is  used  for  outdoor  recreation. 

The  remainder  is  used  for  a  variety  of  other  activities  ranging  from  watch¬ 
ing  television  to  doing  nothing.  One  trend  does  appear  clear.  Leisure 
time  has  been  on  the  Increase  for  the  last  several  decades  and  Is  expected 
to  continue  to  Increase  at  least  for  the  next  few  decades.  The  institution 
of  the  four-day  work  week,  the  concept  of  floating  hours,  and  other  efforts 
to  liberate  the  worker  from  the  narrow  confines  of  "9  to  5"  will  all  affect 
the  total  and  dally  amount  of  time  available  for  recreation.  The  only 
question  Is  how  much  more  time  and  no  one  has  been  willing  to  hazard  an 
estimate.  Clawson  does  say  that  if  the  population  in  2000  devoted  from 
eight  to  ten  percent  of  their  time  to  outdoor  recreation  it  would  mean  an 
Increase  of  40  to  50  times  the  total  spent  this  way  in  1960. 

IV.A.2.(b)  Population 

The  population  of  the  study  area  is  often  considered  to  be  the  most  Impor¬ 
tant  determinant  of  recreation  demand.  Not  only  the  total  number  but  popu¬ 
lation  by  age,  sex,  income,  race,  ethnic  background,  physical  condition, 
distance  from  facilities,  lifestyle,  level  of  education  and  other  demographic 
variables  may  be  used  to  aid  in  planning  for  recreation. 
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The  section  on  the  history  of  recreation  stressed  the  liq>ortance  of  urban 
< rowt>  on  the  reduction  of  available  open  space.  It  Is  Important  to  empha¬ 
size  that  fact  once  again.  In  1770,  the  four  million  people  In  the  O.S. 
lived  In  a  predominately  rural  setting.  In  1970,  the  204  million  people 
lived  in  a  predominately  urban  environment.  Over  70  percent  of  Americans 
live  on  ten  percent  of  the  land. 

One  other  factor  in  the  urban  population  is  noteworthy.  Blacks  comprise 
11  percent  of  the  total  population  and  60  percent  of  all  blacks  live  in  the 
central  cities.  In  addition,  their  median  income  is  about  half  that  of 
whites.  The  reformers  of  the  early  part  of  this  century,  who  saw  recreation 
as  a  social  necessity,  would  still  be  concerned  for  the  lack  of  outdoor 
recreation  opportunities  in  our  urban  areas. 

Population  Is  also  expected  to  grow  between  now  and  2000.  Estimates 
vary  along  three  general  assumptions:  the  historical  trend  of  past  growth 
projected  into  the  future;  sound  economic  growth,  which  assumes  technologi¬ 
cal  answers  to  such  factors  as  resource  scarcity,  environmental  problems, 
and  energy;  and  limited  growth,  \diich  assumes  approaching  zero  population 
growth  and  maximum  emphasis  on  the  conservation  of  resources. 

lV.A.2.(c)  Mobility 

The  ability  to  travel  to  more  distant  open  areas  was  cited  earlier  as  the 
means  of  expanding  recreation  supply  as  our  urban  areas  grew  and  filled 
previously  open  rural  land.  Transportation  is  an  important  factor  in 
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recreation  demand  analysis.  It  determines  the  travel  time  and  thus  the  re¬ 
maining  real  recreation  time.  It  costs  money  and  thus  Influences  who  may 
participate  In  distant  recreation  facilities ,  and  transportation  can  dras¬ 
tically  affect  the  quality  of  the  recreation  experience.  Thus  the  enjoyment 
of  a  day  at  the  seashore  can  be  ruined  by  the  traffic  jam  on  the  way  home. 

Perhaps  the  most  Important  recent  development  In  transportation  Is  the  grow¬ 
ing  concern  for  energy  and  especially  the  current  and  expected  Increases  in 
the  cost  of  gasoline.  As  such  costs  Increase  it  Is  reasonable  to  expect 
recreation  related  travel  In  private  autos  to  decrease.  Some  Indications 
of  this  have  already  been  noted  as  ski  resorts  began  to  offer  bus  service  to 
and  from  urban  areas  In  the  Northeast  In  1973-74.  This  development  will 
mean  an  Increase  In  Importance  of  three  elements:  recreation  facilities  near 
the  concentrations  of  population;  inexpensive  public  transit  to  and  from 
recreation  areas;  and  larger  scale  units  of  recreation  facilities  which  would 
provide  common  recreational  destinations  for  greater  numbers  of  people, 
hence  making  public  or  mass  transit  possibly  more  efficient  and  attractive. 

IV.A.2.(d)  Income 

The  availability  of  money  to  spend  on  recreation  is  another  Influence  on  de¬ 
mand.  However,  the  Importance  of  recreation  for  social  welfare  Is  difficult 
If  not  Impossible  to  put  into  dollar  terms.  As  income  is  less,  so  the 
amount  for  recreation  related  consumption  is  less.  But  does  the  need  for 
recreation  diminish  with  reduced  income?  If  anything,  the  Indications  are 
that  the  opposite  Is  the  case.  The  more  affluent  can  afford  to  spend  their 
time  in  more  attractive  surroundings  and  to  pursue  other  leisure  time  diver¬ 
sions  . 
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Estimates  are  that  real  Income  will  also  continue  to  Increase.  Clawson 


and  Knetsch  in  their  book  Economics  of  Outdoor  Recreation  stated  that  in 
the  year  2000  money  available  for  outdoor  recreation  will  be  eight  times 
what  it  was  in  1960.  They  also  estimated  that  we  might  spend  40  to  50  times 
as  many  hours  on  outdoor  recreation  in  2000  as  in  1960.  This  could  mean 
that  even  the  affluent  would  have  less  than  one-fifth  the  money  to  spend  on 
outdoor  recreation  per  unit  of  time. 

Another  consideration  is  that  real  Income  may  not  continue  to  Increase  as 
has  been  projected.  Indeed  If  a  projection  were  made  on  the  basis  of  the 
last  several  months  rather  than  the  last  several  years  one  might  find  the 
real  income  could  be  expected  to  decrease  although,  as  discussed  in  Chapter  I, 
this  is  not  the  projection  of  this  study.  Inflation,  recession  and  in¬ 
creased  costs  of  living  are  taking  a  toll  on  income  available  for  recrea¬ 
tion. 


IV.A.2.(e)  Participation 

Actual  participation  in  outdoor  recreation  is  often  used  as  an  indication 
of  demand.  The  use  of  participation  presents  one  important  limitation. 

While  it  may  be  the  best  source  available  for  Information  on  numbers  of 
people  participating  in  specific  activities,  it  is  a  measure  of  current  con¬ 
sumption  and  not  demand.  One  of  the  first  rules  of  market  analysis  is  not 
to  confuse  consumption  with  demand;  however,  some  recreation  planners  are 
often  guilty  of  necessarily  violating  this  rule.  The  available  data,  while 
often  Incomplete,  does  give  an  Important  Indication  of  use  and  relative 
preference  by  types  of  facilities,  service  area  and  demographic  characteris¬ 
tics. 
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place.  Even  so,  current  participation  information  is  generally  the  only 
activity  specific  source  of  data  available  and  is  a  useful  guide  for 
demand  analysis  as  long  as  the  above  limitations  are  understood. 


IV. A. 3.  BACKGROUND  ON  SUPPLY 


The  basic  issue  for  the  supply  of  recreation  opportunities  is  not  one  of 
total  numbers  of  acres  or  facilities  but  rather  the  imbalance  of  available 
opportunities.  The  West  has  72  percent  of  the  acreage  designated  for  pub¬ 
lic  outdoor  recreation  and  15  percent  of  the  population.  On  the  other 
hand,  the  Northeast,  with  25  percent  of  the  population,  has  but  four  per¬ 
cent  of  the  available  recreation  land. 

The  classic  economic  model  for  analysis  of  recreation  needs  is  to  esti¬ 
mate  the  recreation  demand,  tabulate  the  existing  supply  of  recreation 
opportunities,  and  subtract  supply  from  demand  to  give  an  approximation 
of  needed  new  facilities  to  meet  the  existing  and  projected  demand.  While 
the  analysis  of  recreation  demand  is  complex  and  fraught  with  the  limita¬ 
tions  discussed  in  the  preceding  section,  the  tabulation  of  existing  supply 
is  somewhat  more  straightforward.  Still  there  are  Important  difficulties 
with  any  analysis  of  existing  facilities.  These  difficulties  include  a 
lack  of  comparable  data  on  facilities.  Acreage  by  use,  seasonal  variation, 
units  of  measurement,  overlapping  or  multiple  uses,  and  differing  defini¬ 
tions  from  jurisdiction  to  jurisdiction  all  present  problems  in  the  inven¬ 
tory  of  outdoor  recreation  facilities. 
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FRSCEUaO  fACS  HiMO 


In  addition  to  the  data  difficulties  is  the  fact  that  recreation  is  pro¬ 
vided  by  both  public  agencies  and  private  enterprise.  Information  on  pri¬ 
vately  supplied  recreation  facilities  is  generally  less  available  than  for 
public  facilities.  This  distinction  between  private  and  public,  deserves 
considerable  discussion.  It  has  generally  been  thought  that  private  in¬ 
dustry  is  the  single  most  important  force  in  outdoor  recreation.  Some 
analysts  debate  this  premise  on  the  basis  that  there  are  a  number  of  rea¬ 
sons  why  private  capital  investment  in  recreation  is  both  limited  and 
unwise.  Several  factors  reduce  the  attractiveness  of  recreation  as  an 
investment : 

1.  Recreation  is  a  seasonal  activity.  Too  often  the  cost  of  full-time 
capital  must  be  amortized  in  a  100-day  season. 

2.  Initial  capital  Investment  is  generally  high. 

3.  The  consumer  can  forego  expenditures  on  recreation  with  relative 
ease,  so  it  Is  among  the  first  Items  to  be  trimmed  from  the  family 
budget  when  times  get  tough. 

4.  Many  forms  of  recreation  require  a  high  labor  input. 

5.  Recreation  is  often  subject  to  capricious  and  unpredictable  changes 
in  the  public's  taste. 

6.  Fear  of  competition  from  public  agencies  who  provide  subsidized 
recreation  facilities  further  inhibit  private  investment. 

Still,  private  recreation  facilities  are  Immensely  Important, 
accounting  for  approximately  five  percent  of  disposable  income. 
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The  public  provision  of  recreation  facilities  Is  a  response  to  the  earlier 
cited  recognition  of  recreation  as  positive  Influence  on  social  well-being. 

Supply  Is  often  discussed  In  terms  of  Its  potential  to  respond  to  demand 
by  accommodating  users.  This  brings  up  other  vexing  Issues,  the  estima¬ 
tion  of  existing  use  and  site  capacity.  Data  on  existing  use  of  most 
recreation  facilities,  not  requiring  admission  payment.  Is  usually  non¬ 
existent  or  subject  to  guesses  which  at  best  are  made  on  the  basis  of 
the  number  of  available  parking  spaces.  While  standards  exist  for  the 
design  of  new  facilities,  sufficient  research  has  seldom  been  done  on 
specific  facilities  to  know  whether  such  standards  are  exceeded  or  not; 
analysis  presented  later  in  this  chapter  suggests  that  they  often  are. 

Therefore,  an  analysis  of  existing  supply  can  provide  valuable  Informa¬ 
tion  on  the  type  and  size  of  facilities.  Information  on  actual  use  Is 
less  precise,  but  a  range  of  sources  provides  data  on  visitation  and 
Intensity  of  use  for  various  facilities. 

Recent  attempts  to  understand  use  and  respond  to  the  question  of  increased 
demand  as  it  may  Influence  limited  supply  have  focused  on  the  concept  of 
carrying  capacity,  or  the  ability  of  a  facility  or  area  to  transmit  its 
attributes  or  essence  to  users.  Wfien  exceeded,  the  essence  of  the  site 
or  experience  is  lost.  Assuming  a  sufficient  demand  to  use  a  facility  to 
capacity,  carrying  capacity  may  be  divided  Into  three  types. 
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Physical  Carrying  Capacity:  This  aspect  Is  a  measure  of  the 
effect  of  use  on  the  nonliving  aspects  of  the  site.  The  ability 
of  a  particular  terrain  to  resist  trail  erosion  Is  one  example. 

Soil,  slope  and  weather  are  the  most  Important  elements  in  deter¬ 
mining  physical  carrying  capacity. 

Ecological  Carrying  Capacity;  The  effect  of  visitors  on  the 
living  aspects  of  the  site  are  also  an  element  of  carrying 
capacity.  When  the  natural  plant  and  animal  features  of  the 
site  are  substantially  altered  the  capacity  is  exceeded.  One 
measure  Is  the  ability  to  dispose  of  visitor  wastes  without 
doing  damage  to  the  living  features  of  the  site. 

Psychological  Carrying  Capacity;  This  aspect  deals  more  with 
the  expectations  and  desires  of  the  visitors  and  may  be  the 
most  critical  component  of  carrying  capacity  as  this  is  the 
determinant  of  the  perceived  quality  of  the  recreation  ex¬ 
perience. 

The  preceding  discussion  of  recreation  supply  and  demand  has  been  Intended 
as  an  introduction  to  the  subject  matter  to  be  covered  In  this  chapter. 

Its  purpose  has  been  to  provide  the  reader  with  some  general  background  on 
the  subject,  and  to  point  out  some  of  the  difficulties  and  limitations  of 
the  data  and  methods  used  to  analyze  and  present  the  specific  information 
on  the  supply  of  existing  opportunities  and  demand  In  the  service  area. 


IV-16 


IV.B.  EXISTMG  AND  PROGRAMMED  SUPPLY  OF  RECREATION  FACUTIES 


This  section  discusses  the  supply  of  recreation  facilities  within  the 
recreation  service  area  for  the  locks  Island  Lake  Project.  Both  quantita¬ 
tive  and  qiialltatlve  aspects  of  the  supply  are  discussed  as  determined 
from  sources  ranging  from  computer  printouts  of  government  surveys  to 
direct  field  observation  and  interviews.  The  section  is  organized  in  four 
major  parts.  The  first  describes  the  data  collection  process,  sources  and 
limitations.  The  second  discusses  various  characteristics  of  the  supply 
and  Its  distribution  within  the  service  area.  The  third  discusses  various 
standards  and  ratios  used  to  measure  the  adequacy  and  capacity  of  facili¬ 
ties  and  measures  the  total  capacity  of  the  inventoried  facilities.  And 
finally,  the  fourth  part  discusses  major  planned  additions,  other  than 
DWGNRA  itself,  to  the  supply  of  facilities  within  the  recreation  service 
area. 


IV.B.l.  DATA  COLLECTION 


IV.B.l.(a)  Scope  of  Data 

Recreation  facilities  data  have  been  limited  to  the  range  of  key  water  and 
land  based  facilities  relevant  to  the  Tocks  Island  Lake  Project.  Thus  the 
scope  of  data  collected  for  the  recreation  service  area  was  limited  to 
swimming,  boating,  fishing,  camping,  picnicking,  hiking  and  hunting. 


Swlnonlng  data  was  collected  for  all  salt  and  fresh  water  beaches .  Boating 
was  limited  to  fresh  water  acres  because  of  comparability  to  the  type  of 
boating  to  be  provided  by  TILP. 

Swimming  pool  water  area  by  square  foot  was  collected  for  all  public  and 
private  pools  in  recreation  service  areas.  Not  included  In  the  totals 
are  private  backyard  pools  of  either  the  above  ground  or  below  ground 
type.  These  are  assumed  to  absorb  a  very  limited  percentage  of  total 
swimming  demand,  disproportionately  smaller  than  their  water  area,  due 
to  their  relatively  low  utilization  rates.  However,  their  approximate 
contribution  to  overall  capacity  is  discussed  later  in  this  chapter. 

Data  on  overnight  campsites  was  collected  for  the  entire  recreation  service 
area  but  not  group  campsites  because  they  do  not  fit  within  the  same  supply- 
demand  relationship  as  the  other  activities.  Campsites  include  both  primitive 
(without  plumbing  or  fireplaces)  and  developed  sites,  and  those  with  and  with¬ 
out  vehicle  access.  Included  are  sites  for  tents,  camper  trucks  and  motor 
homes.  Campsite  capacity  and  distribution  can  indicate  the  extent  of  over¬ 
night  visitations  versus  day  trips  in  a  particular  county. 

Hiking  and  nature  trail  mileage  was  determined  because  of  their  abundance 
within  DWGNRA  and  the  surrounding  counties.  Hiking  and  nature  trails  only 
were  tallied  due  to  the  conceptual  difficulty  of  separating  other  trail 
usage  Including  snowmoblllng,  all-terrain  vehicles  and  equestrian  usage. 
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AddlClonally,  It  is  assumed  that  hiking  and  nature  activities  will  be  the 
key  DWGNRA  trail  uses.  Bicycle  trails  are  not  Included  for  the  above 
reasons  and  also  because  it  is  impossible  to  determine  the  percentage  of 
bicycling  done  on  neighborhood  streets  and  rural  byways  as  opposed  to  that 
done  on  special  bicycle  paths. 

Htmting  is  an  especially  Important  recreational  use  because  of  the  exten> 
slve  land  utilization  Involved.  Vast  woodland  and  meadow  acreage  is  bound 
by  hunting  and  fishing  rights.  Big  and  small  game  hunting  and  stream 
fishing  are  activities  commonly  found  in  public  fish  and  game  areas  as  well 
as  private  rod  and  gun  clubs.  Hunting  occurs  extensively  throughout  the 
recreation  service  area  and  constitutes  the  single  greatest  recreation  use 
of  acreage  in  the  seven  counties  surrounding  TILP-DWGNRA. 

Picnicking  areas  are  Included  because  of  the  pervasive  popularity  of  this 
activity.  Picnic  areas  constitute  a  major  destination  of  recreation  day 
trips,  and  are  often  found  in  conjunction  with  other  facilities. 

No  information  has  been  collected  on  Indoor  recreation  as  it  is  assumed 
this  will  be  virtually  nonexistent  in  DWGNRA. 

IV.B.l.(b)  Service  Area  Definition 

The  recreation  service  area  is  principally  defined  by  two  criteria:  100 
miles  radius  from  the  center  of  ENGNRA  (midway  between  Stroudsburg  and 
Port  Jervis  on  the  Delaware  River),  or  2.5-hour  driving  time  from  this 
point,  whichever  is  greater.  The  area  thus  defined  contains  81  counties 
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in  five  states,  with  a  total  1974  population  of  approximately  29,730,000. 
Included  are  the  first  and  fourth  largest  urbanised  regions  in  the  United 
States,  New  York  with  11,500,000  people  and  Philadelphia  with  3,500,000. 

For  statistical  convenience,  any  county  which  was  covered  in  any  part  by 
this  radius  was  Included  in  its  entirety  and  as  a  consequence  some  counties 
shown  in  the  table  below  are  indicated  to  be  further  than  2.5  hours  away 
from  locks  Island.  This  must  be  considered  within  the  context  of  what  a 
service  area  is.  It  Is  not  a  hard  definition  which  describes  absolutely 
the  only  area  from  which  visitors  to  DWGNRA  will  come.  DWGNRA  may  get  one 
visitor  a  year  from  Afghanistan,  ten  from  California  and  50  from  Illinois. 
Therefore,  it  is  customary  to  think  of  service  areas  (whether  for  recrea¬ 
tion,  retail,  banks  or  whatever)  as  a  contiguous  area  providing  some  set 
percentage  of  the  expected  patronage  of  the  facility  with  the  rest  of  the 
world  being  treated  as  "inflow”  to  the  service  area.  Examination  of  the 
New  York  State  travel  statistics  indicates  that  by  reducing  the  travel 
radius  to  two  hours  from  2.5  would  only  increase  the  residual  inflow 
figure  from  10  to  12  percent.  Obviously,  this  indicates  marginal  effi¬ 
ciency  in  close  examination  of  counties  at  the  outer  edge  of  the  ring. 

Furthermore  it  should  be  apparent  that  the  service  area  for  each 
activity  might  be  different.  Therefore  the  service  area  should  be  thought 
of  as  a  statistical  framework  for  evaluating  present  and  future  demand  and 
supply.  The  table  below  shows  the  81  counties  (grouped  to  match  demographic 
data  used  elsewhere  in  this  study)  which  comprise  the  recreation  service 
area  and  the  time  from  their  population  centroid  to  Tocks  Island  Lake. 
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Table  4-2  Travel  Time  From  Tocks  Island  Lake 
to  Counties  In  the  Recreation  Service  Area 


Minutes 


PENNSYLVANIA  COUNTIES 

NEW  JERSEY  COUNTIES  (Con’ 

Berks 

115 

Ocean 

Bradford 

135 

Passaic 

Phlla.  SMSA-New  Jersey^^ 

Bucks 

100 

Carbon 

50 

Salem 

Centre 

200 

Somerset 

Chester 

140 

Sussex 

Clinton 

175 

Union 

Columbia  .  . 

Harrisburg  SMSA-' 

100 

Warren 

160 

NEW  YORK  COUNTIES 

Lackawanna 

60 

Albany  SMSA-^ 

Lancaster 

170 

Lebanon 

130 

Broome  and  Tioga 

Lehigh  and  Northampton 

50 

Chenango 

Luzerne 

70 

Columbia 

Lycoming 

150 

Delaware 

Monroe 

15 

Dutchess 

Montgomery 

100 

Greene 

Montour 

110 

Nassau  and  Suffolk 

Northumberland 

135 

New  York  City  V 

Philadelphia  and  Delaware 

120 

Orange 

Pike 

15 

Otsego 

Schuylkill 

105 

Putnam 

Snyder 

165 

Rockland  and  Westchester 

Sullivan 

140 

Schoharie 

Susquehanna 

95 

Sullivan 

Union 

135 

Ulster 

Wayne 

40 

CONNECTICUT  COUNTIES 

Wyoming 

85 

York 

195 

Fairfield 

Litchfield 

NEW  JERSEY  COUNTIES 

New  Haven 

Bergen 

70 

DELAWARE  COUNTIES 

Essex 

75 

Hudson 

85 

New  Castle 

Hunterdon 

45 

Mercer 

80 

Middlesex 

80 

Monmouth 

115 

Morris 

60 

\J  Cumberland,  Dauphin  and  Perry. 

IJ  Burlington,  Camden  and  Gloucester. 

3/  Albany,  Rensselaer,  Saratoga  and  Schenectady. 
y  New  York,  Bronx,  Kings,  Queens  and  Richmond. 


Minutes 


125 

50 

125 

165 

60 

20 

85 

20 


145 

125 

175 

135 

145 

95 

105 

160 

100 

25 

180 

105 

90 

155 

45 

70 


115 

135 

135 


150 
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The  historical  basis  for  the  recreation  service  area  definition  Is  con¬ 
tained  In  the  Robert  R.  Nathan  Report,  Potential  Impacts  of  the  DWGHRA  on 
Its  Surrounding  Communities.  February  1966.  This  report  determined  that 
approximately  80  percent  of  DWGNRA  users  will  reside  within  2.5  hours 
drive  or  100  miles,  the  maximum  comfortable  distance  for  a  nonpeak  day 
outing.  The  consultants  have  updated  the  2.5-hour  drive  to  reflect  the 
significant  additions  to  the  Interstate  highway  system  constructed  since 
1966.  The  area  thus  defined  Includes  the  33  Pennsylvania  counties,  18 
New  Jersey  counties,  26  New  York  counties,  three  Connecticut  counties  and 
one  Delaware  county,  shown  In  the  table  above. 

By  selecting  a  service  area  which  Is  at  least  2.5  hours  away  from  Tocks 
Island  at  Its  outer  edge,  and  In  some  cases  more  than  three  hours  away, 
the  Influence  of  competing  supply  opportunities  outside  of  the  service 
area  Is  minimized.  The  survey  data  discussed  later  In  this  chapter  Indi¬ 
cated  the  rapid  fall-off  of  participation  with  distance.  For  example,  of 
all  swimming  activities  (as  measured  by  activity  days)  only  9.4  percent 
take  place  more  than  2.5  hours  from  the  participant's  home;  the  figure 
for  boating  Is  18  percent,  hunting  and  picnicking  are  both  9.3  percent. 
Only  for  camping  (29  percent)  does  the  figure  exceed  20  percent  among  12 
activities  tabulated.  By  using  such  a  "travel-time-decay"  factor  in  the 
analysis,  the  relative  location  of  Tocks  Island  Lake  and  DUGNRA  compared 
to  competing  locations  Is  accounted  for  whether  this  competition  lies 
within  the  recreation  service  area  or  not. 
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IV.B.l.(c)  Service  Area  Description 


Recreation  facilities  comparable  to  those  in  DUGNRA  are  found  throughout 
the  81-county  recreation  service  area  %d.th  certain  noteworthy  concentra¬ 
tions.  The  Catsklll  (Sullivan,  Ulster  and  Orange  counties.  New  York)  and 
Pocono  (Monroe,  Pike,  Carbon  and  Wayne  counties,  Pennsylvania)  mountains 
have  numerous  facilities  for  camping,  freshwater  swimming  and  boating) . 

The  New  Jersey  shore  (Monmouth  and  Ocean  counties)  and  Long  Island  Shore 
(Nassau  and  Suffolk  counties)  both  exhibit  significant  concentrations  of 
saltwater  beaches  and  boating.  Primary  freshwater  bodies  Include  the 
Hudson  and  Delaware  rivers.  Lake  Wallenpaupack,  Lake  Hopatcong  and  Greenwood 
Lake,  among  others.  Neither  river  is  extensively  used  for  boating  or  swim¬ 
ming  due  to  water  quality  problems  and  limited  access  and  most  of  the  lakes 
are  private.  Both  rivers  provide  extensive  scenic  corridors  used  for  day 
trips  from  major  urban  centers. 

Areas  beyond  the  recreation  service  area  contain  significant  amounts  of 
recreation  facilities.  The  Allegheny  Mountains  to  the  west,  in 
Pennsylvania,  provide  abundant  swimming,  boating,  camping  and  hiking.  To 
the  north,  the  Adirondack  Mountains  In  New  York  do  the  same,  as  do  the 
Berkshlres  in  Connecticut  and  Massachusetts.  Coastline  areas  also  offer 
significant  swimming  and  boating  facilities.  The  Long  Island  south  shore, 
from  New  York  City  to  Montauk  Point,  and  the  New  Jersey  shore  from  Sandy 
Hook  to  Cape  May,  provide  continuous  beachfronts.  Boating  occurs  along 
these  beaches,  as  well  as  in  Long  Island  Sound,  the  Delaware  Bay  and 
Chesapeake  Bay. 
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The  above  areas  are  noteworthy  In  that  they  offer  competing  destinations 
within  a  2.5-hour  drive  of  outer  portions  of  the  recreation  service  area. 
Of  course,  a  Philadelphia  family  may  choose  to  swim  at  Cape  Hay,  an  Albany 
family  might  choose  to  camp  in  the  Adlrondacks,  and  a  Harrisburg  family 
might  choose  to  hike  in  the  Alleghenies  —  all  outside  of  the  defined 
recreation  service  area.  Major  competing  attractions  within  the  2.5-hour 
range  of  the  outer  edge  of  the  service  area  Include  the  Adlrondacks,  the 
Berkshlres,  the  southern  New  Jersey  beaches,  the  Finger  Lakes  region  and 
the  Chesapeake  Bay;  but  these  are  each  competitive  for  separate  portions 
of  the  service  area. 

IV.B.l.(d)  Data  Collecting  Methodology 

Using  most  recent  data,  total  supply,  public  and  private  was  determined 
with  public  sources  Including  state  and  federal  facilities.  Private 
sources  were  taken  from  a  Soil  Conservation  Service  survey  done  in  1974. 
Both  public  and  private  sources  are  compiled  in  printouts.  Data  was  ob¬ 
tained  from  Pennsylvania's  Office  of  State  Planning  and  Development 
and  Department  of  Environmental  Resources,  and  the  New  York  State  Office 
of  Parks  and  Recreation;  New  Jersey  public  data  was  compiled  from  the 
Bureau  of  Outdoor  Recreation's  survey  data  compiled  during  1972,  and  the 
New  Jersey  Statewide  Comprehensive  Outdoor  Recreation  Plan.  BOR  data  was 
also. used  for  Connecticut  and  Delaware  public  facilities. 
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Public  facilities  totals  were  checked  within  counties  by  comparison  with 
recreation  facilities  summary  printouts  provided  by  the  Trl-State  Planning 
Commission  (New  York  City  metropolitan  counties)  and  Delaware  Valley  Regional 
Planning  Commlssslon  (Philadelphia  metropolitan  counties) .  Additionally, 

New  York  and  Pennsylvania  facilities  totals  were  checked  against  BOR  totals. 

IV.B.l.(e)  Definitions  and  Sources 

Significant  difficulties  were  encountered  In  acquiring  comparable  data  con¬ 
sistent  within  the  recreation  service  area.  Because  of  the  vast  quantities 
of  small  facilities,  varying  dates  of  surveys,  and  count  accuracy,  different 
sources  gave  different  totals.  Data  category  definitions  were  carefully 
examined  for  comparability  between  states.  Thus,  while  every  attempt  was 
made  to  make  data  Internally  consistent,  limitations  still  exist.  For 
example.  Soil  Conservation  Service  data,  which  forms  the  basis  of  all  pri¬ 
vate  sector  counts,  varies  In  completeness  and  accuracy  by  county.  Gen¬ 
erally  it  Is  most  accurate  in  rural  counties  where  most  outdoor  recreation 
facilities  are  found.  BOR  data  on  public  sectors  provides  low  totals  due 
to  relatively  weak  response  to  original  1972  questionnaires  by  local  and 
county  governments.  Such  omissions,  while  distorting  the  statistical 
analysis  of  the  data,  are  generally  of  facilities  which  are  not  coiq>arable 
to  or  competitive  with  the  proposed  DWGNRA.  The  recreation  facilities 
Inventory  data  includes  totals  for  public  and  private  facilities  for  key 
land  and  water  based  recreation  facilities.  These  totals,  broken  do%ni  by 
county  and  facility  type,  have  been  derived  from  the  most  currently 
available  Information.  Specifically,  data  sources  Include: 
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New  York  State 


New  York  State  Office  of  Parks  and  Recreation,  Albany,  New  York, 
1975  computer  printout  for  public  and  private  land  and  water 
based  facilities,  and  Land  Use  and  National  Resources  (LUNR) 
data  for  water  acreage. 

New  Jersey 

U.S.  Bureau  of  Outdoor  Recreation,  Washington,  D.C.,  1972  com> 
puter  printout  for  public  facilities;  New  Jersey  Statewide 
Comprehensive  Outdoor  Recreation  Plan;  and  U.S.  Soil  Conservation 
Service,  Somerset,  New  Jersey,  1974  survey  sheet  summaries  for 
private  facilities. 

Pennsylvania 

Pennsylvania  Governor's  Office  of  State  Planning  and  Development, 
Harrisburg,  Pennsylvania,  1975  computer  printout  for  public  and 
private  facilities;  U.S.  Bureau  of  Outdoor  Recreation,  Washington, 
D.C.,  1972  computer  printout  for  public  water  acreage;  and  U.S. 
Soil  Conservation  Service,  Harrisburg,  Pennsylvania  1974  summaries 
for  private  water  acreage. 

Connecticut 

U.S.  Bureau  of  Outdoor  Recreation,  1972  computer  printout  of 
public  facilities;  private  recreation  facilities  totals  were  not 
obtainable  for  the  State  of  Connecticut. 


Delaware 


Same  as  above  for  Connecticut  %rlthout  private  recreation  facili¬ 
ties;  1972  Bureau  of  Outdoor  Recreation  data. 

The  data  derived  from  the  above  sources  has  been  broken  down  into  the 
following  categories  on  a  consistent  basis  for  the  entire  recreation 
service  area. 

Land  Based  Facilities 

Picnic  tables:  Total  quantity 

Campsites:  Total  sites  Including  primitive  and  developed  types 
for  both  recreation  vehicle  and  tenting  facilities;  group 
camping  facilities  are  not  Included. 

Trails:  Nature  and  hiking  trails  only,  In  total  miles;  biking, 
horseback  riding,  snowmobile  trails  are  not  included. 

Hunting  preserves:  Total  acres  for  both  big  and  small  game  areas. 

Water  Based  Facilities 

Swimming  beaches:  Total  lineal  feet. 

Swimming  pools:  Total  square  feet  of  water  area. 

Boating:  Total  freshwater  acres  —  lakes,  ponds,  reservoirs 
and  major  rivers. 

Fishing:  Total  water  acres  as  for  boating;  stream  fishing  has 
not  been  Included  due  to  Incomplete  data. 
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Base  data  for  freshwater  boating  and  fishing  acreage  is  least  consistent 
from  state  to  state.  Pennsylvania  and  New  Jersey  data  is  specifically 
identified  as  recreation  use.  The  New  York  data,  provided  from  the  Land 
Use  and  Natural  Resources  computerized  survey,  gives  total  water  acreage 
(excluding  saltwater  bays  and  sounds).  Accordingly,  the  New  York  totals  in 
Table  4-7  Include  bodies  of  water  which  are  not  available  for  recreation  such 
as  extensive  acreage  on  closed  or  severely  restricted  reservoirs.  The 
capacities  in  Tables  4-14,  4-19  and  4-39  have  been  reduced  by  a  factor  similar 
to  that  of  New  Jersey  in  order  to  more  closely  reflect  recreation  use  of 
water  surfaces. 

The  limitations  and  possible  omissions  do  not  impair  the  usefulness  of  the 
base  data  since  in  most  cases  the  omissions  are  minor  or  offsetting  adjust¬ 
ments  have  been  made  in  the  demand  estimates.  Furthermore,  the  difficulties 
Inherent  in  using  secondary  source  data  are  fairly  uniform  throughout  the 
service  area  so  the  relative  distribution  of  facilities  is  minimally 
affected.  And  while  county-by-county  figures  are  presented  and  specific 
discrepancies  may  be  pointed  out,  the  conclusions  draVm  in  this  chapter  are 
based  mork  on  aggregate  figures  and  broad  distribution  patterns. 
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IV. B. 2.  CHARACTERISTICS  OF  THE  SUPPLY  OF  RECREATION  FACILITIES 

This  section  of  the  chapter  discusses  some  of  the  characteristics  of  the 
supply  and  Its  utilization  within  the  service  area.  Both  the  distribution 
of  facilities  within  the  area  and  by  public  and  private  responsibility  are 
discussed;  facility  concentrations  are  compared  with  population  concentra¬ 
tions  and  several  specific  major  facilities  or  tjrpes  of  facilities  are 
described.  Fuller  description  of  the  utilization  of  selected  facilities 
most  comparable  to  DWGNRA  is  discussed  later  in  Section  IV. C.  of  this 
chapter . 

lV.B.2.(a)  Relative  Distribution  of  Facilities  by  State  and  County 
The  distribution  of  recreation  facilities  by  state  indicates  relative  areas 
of  surplus  and  deficiency.  Data  from  which  this  description  is  derived  is 
Illustrated  in  Figures  A-6  and  4-7  and  in  facility  inventories  by  state  and 
county  in  Tables  4-3  through  4-13. 

The  discussion  by  states  is  restricted  to  portions  of  each  state  within  the 
recreation  service  area.  Therefore,  the  entire  states  of  Pennsylvania,  New 
York,  New  Jersey,  Connecticut  and  Delaware  are  not  Included.  The  relative 
sizes  of  each  state  which  fall  within  the  recreation  service  area  must  also 
be  taken  into  consideration. 

Nevertheless,  certain  distinctions  can  be  noted.  Pennsylvania,  which  has 
no  Atlantic  seacoast,  has  a  small  percentage  of  the  beach  capacity  but 
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easily  the  greatest  number  of  swimming  pools.  The  large  pool  capacity  is 
then  reflected  in  Pennsylvania's  largest  percentage  of  total  swimming 
capacity.  Pennsylvania  also  contains  the  largest  percentage  of  the  total 
campsites,  biking  trails,  picnic  sites  and  hunting  acres. 

Because  of  relative  size  and  existence  of  facilities  and  natural  resources. 
New  York  also  has  large  percentages  of  campsites  and  picnic  tables,  though 
only  half  as  many  hiking  trails  as  Pennsylvania,  and  one-third  the  hunting 
acreage.  New  York,  however,  has  the  greatest  potential  boating  and  fish¬ 
ing  acreage.  Included  in  the  New  York  inventory  are  approximately  68,000 
acres  of  the  Hudson  River  which  significantly  Increases  the  boating  poten¬ 
tial,  though  may  not  actually  be  utilized  to  the  same  boating  capacity 
standards  as  would  be  an  accessible  clean  water  lake  or  reservoir. 

For  the  entire  recreation  service  area,  no  pattern  relative  to  population 
or  geographical  size  or  number  of  counties  exist.  Rather,  natural  deter¬ 
minants  such  as  the  presence  of  shore  line  (whether  salt  or  fresh  water) 
or  mountains  dictates  relative  supply  mix  among  states.  The  more  urbanized 
areas  have  more  pools  and  less  hunting  acreage.  Specific  findings  for 
various  facility  types  are  discussed  below  and  the  percentage  distribution 
by  county  within  each  state  for  swimming,  boating  and  camping  is  illus¬ 
trated  in  Figures  4-3  through  4-S. 

Picnic  Tables;  Pennsylvania  has  the  most  picnicking  due  to 

the  existence  of  the  extensive  state  park  system,  51.2  percent 
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of  the  recreation  service  area  total.  New  York  and  New  Jersey 
have  less,  with  40.2  percent  and  7.7  percent,  respectively.  It 
should  also  be  assumed  that  much  picnicking  occurs  on  boats  and 
on  beaches  In  shore  line  areas  and  In  rural  areas  without 
specific  table  sites. 

Campsites;  Pennsylvania  has  the  largest  portion  with  45.3  per¬ 
cent  of  the  campsites.  New  York  has  38.9  percent  with  one-third 
of  that  In  the  Catskills.  New  Jersey  has  only  14.3  percent  of 
the  recreation  service  area's  total  campsites. 

Beaches ;  Within  the  recreation  service  area,  New  York,  New 
Jersey  and  Connecticut  have  extensive  sound  and  ocean  beaches 
and  there  are  many  lake  beaches  throughout  the  entire  region. 

New  York  has  the  largest  percentage  (37.7  percent)  of  the  beach 
footage  Including  Long  Island's  Atlantic  Ocean  and  Sound  beaches 
encircling  Nassau  and  Suffolk  counties.  New  Jersey  has  29.1 
percent.  Its  largest  percentage  of  any  of  the  inventoried 
activities.  These  Include  extensive  Atlantic  Coast  beaches  in 
Monmouth  and  Ocean  counties.  Connecticut,  too,  has  many  miles 
of  beaches  on  Long  Island  Sound  which  gives  Connecticut  15.2 
percent,  the  highest  for  Connecticut  In  any  category. 

Pools;  Most  of  the  pools  are  In  Pennsylvania  (61.2  percent), 
which  reflects  the  lack  of  beaches  (only  18  percent  of  recrea¬ 
tion  service  area  beach  footage) . 


Trails ;  Most  trails  are  found  In  Pennsylvania  (62.2  percent) 
and  In  New  York  (31.8  percent),  and  there  are  few  trails  found 
In  New  Jersey  (5.2  percent).  Most  trails  are  located  In 
mountainous  areas. 

Hunting  Acres;  Vast  acreage  exists  In  all  three  states. 

Pennsylvania  has  the  most  (59.2  percent)  with  New  York  and  New 
Jersey  roughly  comprising  equal  proportions  of  recreation  ser¬ 
vice  area  totals,  21.9  percent  and  17.8  percent,  respectively. 

The  foregoing  discussion  of  facility  distribution  by  state  within  the 
recreation  service  area  Is  illustrated  in  the  following  "pie  graphs." 

These  categories  of  facility  types  are  Inventoried  by  county  in  Tables  4-3 
through  4-10  which  follow  the  graphs.  Tables  4-11  through  4-13  display 
data  from  the  1972  BOR  survey  relating  to  planned  additions  to  the  supply, 
but  this  Information  was  not  used  directly  in  the  supply  analysis. 
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Tabl«  4-3  Inventory  of  Recreation  Service  Area 
Pennaylvanla  Water  Baaad  Bacreatioa 


Ooureai  Pwmaylvaala  Office  of  Stoeo  ri«uilag  oad  Dovolop— at  -  1975} 


fMohwotor 


Sbosx 


(Uaoor 

yoot} 


Fttbllc 

Prlvaco 


Foola 

(Sqnara  faa 
of  Araa) 

169000 


Boating 

(Hater 

Accaa)* 


Flahtng 

(Hater 

Acraa)* 


Oeuphla 


Laekanaana 


Laneaatar 


Lahlgh  Horthaavton 


lycoalng 


Nontgonary 


Her  thunber  land 


yhlladalpbla  and  Dalavara  1000 


304000 

37000 


160000 

24000 


26000 

241000 


58000 


462000 

223000 


11000 

19000 


25000 

147000 


293000 

646000 


5000 
7000 


83000 

32000 


25000 


500000 

223000 


Wyaaint 


11000 

96000 

140000 


*  Ooaa  not  Ineluda  appronlaata  total  of  6,928  acrea  Delaware  River.  Acreage  preaently 
available  for  racreatloa  nee. 


IV-33 


Table  4-4  Inventory  of  Racreatlon  Service  Area 


Pennsylvania  Land  Baaed  Recreation 


(Sootcas 

Paanaylvanla  Offlea  of  Stata  Planalag  and  Daralopaant  -  1973) 

TraUn 

■unttng 

Canpattaa 

Hiking  and 

Picnic 

Arana 

(vahlcla  and 

Hatuca 

Ceuaty 

Tablaa 

CAeraa) 

cant  altaa) 

in  nilaa 

■ark* 

Public 

1779 

1538$ 

182 

72 

Prlvata 

2374 

- 

1807 

SO 

136 

47988 

2 

26 

731 

• 

706 

29 

■ueka 

2309 

■  - 

3 

91 

899 

- 

820 

42 

Carbon 

1798 

26499 

409 

44 

- 

213 

Caatra 

2036 

57722 

300 

209 

- 

1814 

25 

Chaatar 

1289 

- 

3 

17 

1571 

- 

1359 

39 

Clinton 

11758 

90 

397 

- 

277 

23 

Coluabla 

226 

- 

0 

6 

- 

954 

12 

Cinibarland 

U92 

3728 

147 

• 

SSI 

- 

330 

46 

Dauphin 

602 

41711 

3 

7 

• 

100 

Laekavanna 

462 

• 

- 

• 

• 

11 

Lancaacat 

333 

73089 

2 

57 

• 

13 

Labanon 

624 

21724 

125 

77 

m _ :: _ ZU _ 22. 


Lahlgh  Niorchaapcoa 

mmm 

9893 

20 

809 

29 

33 

Lucama 

- 

200 

U 

195 

30 

Lyconlng 

521 

2716 

101 

IS 

827 

• 

1069 

345 

Mnnroa 

940 

33736 

140 

37 

310 

- 

120 

43 

Montgoaecy 

2780 

1677 

4 

129 

887 

- 

_ 183 

41 

Hontour  143  242~  -  32 
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Table  4-5  Inventory  of  Recreation  Service  Are* 
New  Jeraey  Water  Based  Recreation 


(Soutcaai  BMchaa  and  Feola:  0.8.  Buraau  of  Ouedaer  BectaaCioa  (1972);  Soil  Conaarvatloa 

Saraiea  (1974).  TraahiMtar  Boating  and  riahlng:  Outdoor  Bncroatlon  in  S.J.  (1973) (OIKJ) 


County 


(Linaar 

root) 


foela 

(Squarn  Foat 
of  Araa) 


Froalwator 

Boating  Flahlag 

(Hatar  (Watar 

Aeraa)  Acraa) 


Sotaai 

1.  Saw  Joraay  fraabwatar  boating  and  flahlag  acroago  dariwad  fron  Tabla  2  (OBSJ) i  Lakaa. 
Foeda  and  taaanroira  lavantory  1970.  Fublie  lacludaa  publicly  and  privately  owned  with 
public  reeraacion  uaa.  Frlvata  la  privately  owned,  private  recreation  uaa. 

2.  County  totala  do  not  Include  Oelavara  Blver  acreage  for  which  add  approxlaately  4,480 
acraa  to  Sew  Jaraey  racreaclon  aervlce  area  freahwatar  total  for  Blver  free  Fort  Jervla 
to  Blveralda  (Burlington  Cowty). 


Table  4-6  Inventory  of  Recreation  Service  Area 
New  Jersey  Land  Based  Recreation 

(Source:  U.S.  Bucmu  of  Aicdooc  loecoottoB  -  1972;  Sotl.CoooorvoCioa  Sorrico  -  1974} 


Ftenle 

lobloo 


■wtlag 

Atom 

tact—) 


C—poleoo 

(vriilclo 
•ad  c— c 
•tf) 


Trsilo 

mnwg  4i|d 

Hoturo 
In  all— 


Berg— 

Prleete 

3330 

- 

45 

65 

Public 

75 

1 

1 

6 

Burlington 

55 

49U5 

1144 

U91 

• 

Huatordon 

Morcor 

Mlddl— 

MooeouCh 

Morrla 

Oe— a 

Faa— ic 

Sal— 

Soacr—t 

Suaaax 

Ualon 


25511 

1471 

7 

100 

102 

57 

- 

10 

• 

100 

555 

70 

- 

5378 

- 

266 

30900 

- 

130 

- 

• 

481 

3225 

1468 

38 

7656 

2047 

100 


30 


14 


Warxan  * 


155 


a  Partial  addlclo— 1  data  fr—  — p  of  Appalachl—  Trail  and  infor— tlon  fr—  Warr—  County 
Flannlng  Coaalaaloa  regarding  Stevena  State  Park  — d  Pequeat  Flah  and  Ce— . 
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Table  4-7  Inventory  of  Recreation  Service  Area 
New  York  State  Water  Based  Recreation 


(Sourca:  H.T.S.  Office  of  Parka  and  Eacreatioo  -  1975) 


Freshwater 

County 

Beeches 

(Linear 

Peat) 

Poole 

Square  Feet 
of  Area 

Boating 

(Hater 

Acrea)^ 

Fishing  . 
(Water  , 
Acres) ^ 

Albany 

Public 

300 

125300 

5094 

5094 

Private 

2280 

109775 

Brooae 

2230 

57898 

6055 

6055 

1290 

4700 

Bronx 

5280 

81800 

469 

469 

Chenango 

780 

16500 

3438 

3438 

925 

■  6000 

Coluabla 

2080 

1000 

8794 

8794 

2650 

4000 

Delaware 

300 

45725 

15056 

15056 

3040 

23898 

Dutchess 

2860 

29100 

16527 

16527 

5050 

21700 

Greene 

550 

- 

7122 

7122 

3460 

144650 

Kings 

13580 

17920 

494 

494 

New  York 

194500 

1433 

1433 

Nassau 

37670 

347400 

1792 

1792 

17000 

59000 

Orange 

5300 

22500 

16344 

16344 

1320 

3900 

Otsego 

1795 

29600 

9709 

9709 

490 

29800 

Putnaa 

850 

- 

9874 

9874 

2730 

4000 

Queens 

15270 

71100 

719 

719 

Bansselaer 

1530 

7700 

7700 

4660 

Rlchaond 

24500 

36000 

486 

486 

Rockland 

2230 

1940 

154280 

47950 

15396 

15396 

Saratoga 

1600 

36000 

18748 

18748 

2850 

16000 

Schenectady 

600 

13100 

800 

800 

170 

Schoharie 

- 

16580 

2392 

2392 

630 

- 

Suffolk 

76553 

6558 

6558 

15997 

76553 

Sullivan 

1010 

3000 

19424 

19424 

11240 

114800 

Tioga 

860 

5000 

3027 

3027 

1360 

Ulster 

1550 

1600 

22933 

22933 

8460 

76875 

Heatchester 

2680 

58200 

29654 

29654 

400 

104600 

1,  Ineludaa  68,A80  Hudson  River  water  acres.  Reach  extends  froa  Renaselsar  County  to 
Raw  York  County.  Source:  UINR  1968  Survey  for  New  York  State  Office  of  Planning  and 
Progran  Coordination.  Acreage  listed  la  total  water  acreage  In  each  county,  not 
Halted  to  recreation;  capacity  listed  in  Tables  4-lA,  A-19,  and  4-39  has  been  reduced 
for  lake,  pond  and  reservoir  to  56.4  percent,  siallar  to  the  proportion  of  recreation 
use  to  total  water  acreage  derived  froa  New  Jersey  (ORNJ) . 
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Bronx  3617  -  -  99 


Chenango 

437 

- 

472 

37 

131 

775 

695 

96 

ColuBbta 

1161 

- 

234 

34 

21 

677 

9 

Oelavare 

181 

_ 

60 

187 

268 

116729 

1944 

534 

Dutchess 

1426 

- 

178 

36 

747 

6500 

979 

- 

Greene 

SOS 

- 

243 

18 

S32 

2500 

1793 

180 

Kings 

400 

69 

Mew  York 

244 

- 

- 

36 

- 

- 

- 

3 

Nassau 

3914 

25 

81 

Orange 

- 

300 

30 

350 

705 

138 

Otsego 

160S 

30 

298 

45 

132 

3822 

833 

50 

Putnao 

2S4 

89 

15 

16 

- 

1 

Queens 

1889 

- 

• 

12 

Rensselaer 

379 

- 

23 

5550 

550 

31 

Rlchnond 

413 

• 

27 

Rockland 

S718 

57 

661 

21 

Saratoga 

14S6 

- 

311 

19 

«ii*i 

300 

9 

Schenectady 

659 

- 

- 

5 

203 

2500 

100 

31 

Schoharie 

184 

- 

79 

9 

226 

200 

33 

Suffolk 

6841 

- 

1030 

68 

108 

50 

305 

152 

Sullivan 

- 

532 

15 

357 

Tioga 

224 

- 

- 

30 

66 

Ulater 

995 

- 

72 

4 

575 

7064 

110 

Westchester 

4851 

361 

194 

20 

- 

239 

2 
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(Source:  U.S.  Bureau  of 

Outdoor  Recreation  -  1972) 

Beaches 

Pools 

Boating 

Fishing 

(Linear 

Square  Feet 

(Water 

(Water 

County 

nonnaetleut 

ffett 

of  Area 

Acres) 

Acres) 

21120 

2600 

7288 

7288 

Fairfield  Public 

Prlyate 

Litchfield 

26400 

- 

4000 

4000 

Mew  Haven 

68640 

1149 

1149 

D«l«Mre 
Ror  Castle 


36700  31S  315 


Table  4-10  Inventory  of  Recreation  Service  Area 
Connecticut  and  Delaware  Land  Based  Recreation 


(Source:  U.S.  Bureau  of 

Outdoor  Recreation  -  1972) 

Cawpsites 

Trails 

Hunting 

(vehicle 

Hiking  and 

Picnic 

Areas 

and  tent 

Mature 

County 

Tablea 

(acres) 

sites) 

In  Biles 

Connecticut 

Fairfield  Public 

63 

2058 

4 

Private 

• 

• 

• 

Litchfield 

136 

2799 

- 

: 

Mew  Haven 

242 

4578 

598 

50 

• 

- : - 

Delasata 
Maw  Csstla 


639 


7 


73 


26 


Table  4-11  Inventory  of  Recreation  Service  Area 
Pennaylvanla  Proposed  Public  Pacllitles 


(Sourc*:  U.S. 

Cowaty 

iMrka 

Bureau  of  Outdoor  Boecoatloa  - 

Swlaalag  Booeh  Area 

Bool  (Liaoal 

(o.f.a  100)  Foot) 

1972) 

Lauach 

lSBE£- 

Plcale 

Toblaa 

Caagaltaa 

(aahlela 
aad  tout 

altaa) 

Traila 
Htklag  aad 
Haturo 
la  alloa 

- 

- 

• 

• 

Bradford 

- 

- 

- 

- 

- 

- 

Bucko 

3 

- 

- 

- 

- 

1 

Corboa 

- 

- 

- 

- 

- 

- 

Coatro 

- 

- 

- 

60 

- 

- 

Chastor 

60 

- 

- 

- 

30 

10 

Cllatoa 

- 

- 

- 

145 

- 

- 

Coliaiblo 

- 

- 

- 

40 

- 

- 

Cuaborland 

- 

- 

- 

106 

- 

- 

Douphla 

100 

- 

3 

74 

- 

- 

Dolouara 

hbhi 

- 

- 

30 

- 

3 

lockawaoiu 

25 

- 

- 

- 

- 

- 

taacootcr 

42 

- 

4 

25 

- 

- 

Loboaon 

- 

- 

4 

72C 

- 

- 

Uhlth 

72 

- 

7 

30 

.  - 

5 

Luoarao 

90 

- 

- 

- 

- 

- 

lyeceloB 

- 

- 

- 

10 

- 

- 

Nonroo 

- 

- 

- 

- 

- 

- 

Moatgoacry 

30 

- 

- 

60 

- 

- 

Hoatour 

250 

u. 

60 

2 

• 

Bortbaapton 

50 

- 

- 

- 

- 

52 

Rorthuaborlaad 

- 

- 

7 

- 

- 

15 

Farrjr 

- 

- 

- 

- 

- 

- 

Philadelphia 

- 

- 

- 

50 

- 

- 

Pika 

- 

- 

- 

100 

- 

20 

Schurlkill 

- 

- 

- 

20 

Sapder 

- 

- 

- 

- 

- 

- 

Sullivan 

• 

- 

- 

- 

- 

- 

Suaquehanaa 

- 

- 

- 

- 

- 

- 

Oaion 

- 

- 

- 

- 

- 

ae 

Wapae 

- 

- 

- 

- 

- 

epoaing 

- 

- 

4 

- 

aa 

- 

York 

56 

IS 
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Table  4-12  Inventory  of  Recreation  Service  Area 


(Source:  U. 

S.  Bureau  of 

Outdoor  Recreation  -  1972) 

County 

SidaBlng 

Pool 

(a.f.x  100) 

Beach  Area 
(Lineal 
Feet) 

Launch 

Reaps 

Picnic 

Tables 

Caapaltes 

(vehicle 
and  tent 
sltea) 

TraiU 

Hiking  and 
Mature 

In  alles 

Boxgon 

58 

- 

- 

- 

- 

- 

Burlington 

- 

- 

- 

24 

t 

Caadon 

- 

- 

- 

- 

- 

- 

Baacx 

- 

- 

- 

6 

- 

- 

Gloucaatar 

10 

Hudson 

- 

— 

25 

■* 

Hunterdon 

- 

- 

- 

- 

- 

- 

Mercer 

- 

- 

- 

- 

- 

- 

Middlesex 

- 

- 

- 

- 

- 

2 

Mooanuth 

- 

6 

1 

- 

- 

- 

Morris 

- 

- 

2 

- 

- 

4 

Ocean 

- 

- 

- 

- 

- 

5 

Passaic 

- 

- 

- 

- 

1 

- 

Salsa 

- 

- 

- 

10 

- 

- 

Soaerset 

- 

- 

1 

20 

- 

- 

Sussex 

- 

- 

- 

90 

30 

15 

Onion 

- 

- 

- 

- 

- 

- 

Warren 

- 

- 

- 

- 

- 

12 
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Table  4-13  Inventory  of  Recreation  Service  Area 

Proposed  Public  Facilities  For  New  York.  Delaware  and  Connecticut 


(Sourea:  U.S. 

County 

Bureau  of  Outdoor 

Swimlng 

Pool 

(a.f.x  100) 

Rocraatlon  - 

Beach  Area 

(Lineal 

Feet) 

1972) 

Launch 

Baepa 

flcnlc 

Tables 

Caapsltas 

(vahlela 
and  tent 

sltea) 

Tralla 
Biking  and 
Mature 

In  nllea 

Maw  Tork 

Albany 

. 

25 

2 

Brooaa 

- 

- 

- 

20 

- 

- 

Chanango 

37 

- 

- 

30 

- 

1 

Colunbla 

- 

- 

- 

10 

- 

1 

Dalawaca 

- 

- 

- 

- 

- 

- 

Dutchass 

- 

- 

3 

- 

20 

- 

Gcaana 

- 

- 

- 

2 

- 

- 

Maw  Tork 

- 

- 

- 

- 

- 

- 

Orange 

- 

- 

- 

100 

75 

- 

Otsego 

72 

- 

- 

- 

- 

1 

Putaaa 

- 

- 

- 

- 

- 

- 

Rannsalaar 

- 

> 

- 

- 

- 

- 

Rockland 

- 

- 

6 

55 

50 

10 

Seboharia 

- 

- 

- 

- 

- 

- 

Suffolk 

250 

4 

30 

- 

5 

Sullivan 

- 

- 

- 

20 

- 

Tioga 

- 

- 

- 

- 

- 

- 

Ulster 

124 

1 

- 

- 

- 

- 

Haatchester 

378 

- 

3 

109 

- 

7 

Delaware 

Mew  Castle 

- 

• 

• 

10 

Connecticut 


Fairfield 

- 

• 

- 

- 

- 

- 

Litchfield 

- 

- 

- 

- 

- 

- 

New  Haven 

- 

- 

- 

- 

- 

- 
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IV.B.2.(b)  Facllltlea  Concentrations  Versus  Population  Concentrations 
The  eight  counties  surrounding  DUOIRA  contain  significant  amounts  of  the 
total  recreation  supply  in  the  81-county  recreation  service  area.  Sussex, 
Warren,  Monroe,  Pike,  Lehigh,  Northampton,  Orange  and  Sullivan  counties 
contain  736,800  people  or  2.5  percent  of  the  recreation  service  area  popu¬ 
lation.  Table  4-14  on  the  following  page  shows  the  tremendous  Impact 
of  recreation  in  these  counties  relative  to  population. 

Comparing  recreation  facilities  to  population  in  urbanized  areas  presents 
equally  startling  contrasts.  The  Philadelphia  region  (Philadelphia,  Bucks, 
Montgomery,  Delaware,  Chester,  Burlington,  Camden  and  Gloucester  counties), 
with  14.8  percent  of  the  recreation  service  area  population  contains 
17.8  percent  of  swimming  capacity,  but  only  3.3  percent  of  boating  acres, 
7.0  percent  of  campsites,  6.0  percent  of  trails,  and  6.3  percent  of  hunting 
areas.  Even  more  pronounced  deficiencies  occur  in  New  York  City  facilities 
(Bronx,  Kings,  Queens,  New  York  and  Richmond  counties),  which  has  26.1  per¬ 
cent  of  recreation  service  area  population  but  only  5.6  percent  of  swimming 
capacity,  1.3  percent  of  boating,  no  campsites,  2.5  percent  of  trails  and 
5.3  percent  of  picnic  tables. 

Somewhat  smaller  recreation  facilities  deficiencies  characterize  all  other 
urbanized  regions  within  the  recreation  service  area.  It  is  likely  the 
same  pattern  exists  in  the  Harrisburg,  Albany,  Allentown,  Scranton-Wilkes 
Barre,  Trenton,  Wilmington  and  Jersey  City  regions. 
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Table  4-14  Seven-County  Impact  Area  Totals  as  Percent 


TILP,  If  built,  will  Increase  and  accentuate  the  above  imbalances  by 
producing  significant  facility  increases  away  from  population  centers  in 
an  area  of  already  abundant  recreation  opportunity.  On  a  regional  basis, 
TILP  would  represent  one  of  several  means  (these  are  discussed  in 
Chapter  XIII)  to  Increase  the  overall  supply  of  recreation  facilities  in 
the  service  area. 
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IV.B.2.(c)  Supply  Characteristics  In  the  locks  laland  Lake  Impact  Area 
Aside  from  Che  sCaClsClcal  tabulation  of  inventory  data  for  Che  entire 
recreation  service  area  by  county,  a  more  qualitative  analysis  of  recrea¬ 
tion  facilities  within  Che  immediate  area  of  the  proposed  DWGNRA  was  under¬ 
taken  through  field  observation  and  interviews.  The  most  noteworthy 
impression  is  Che  difference  between  the  current  activities  on  the 
Pennsylvania  and  Che  New  Jersey  sides  of  the  river. 

The  Pennsylvania  counties  in  the  Immediate  Impact  area  of  Tocks  Island  are 
characterized  by  private  resorts,  camps  and  attractions.  These  varied 
facilities  run  the  full  range  of  providing  luxury  accommodations  on  a  par 
with  those  in  the  city  to  primitive  camping  sites.  The  five  Pennsylvania 
state  parks  which  are  in  this  three-county  area  account  for  1,300,000  annual 
visits  of  recreationisCs  to  the  area;  however,  these  parks  are  not  the 
primary  attraction  and  they  function  as  only  one  segment  of  a  larger  mar¬ 
ket.  The  private  facilities  are  dominant  in  this  respect.  These  private 
facilities  are  well  organized  and  represented  by  a  special  tourist-oriented 
Chamber  of  Commerce,  the  Pocono  Vacation  Bureau.  This  Bureau  represents 
approximately  90  to  95  percent  of  the  businesses  in  the  area,  and  its  main 
function  is  to  coordinate  regional  advertisement  and  promotion  for  these 
businesses.  To  gain  an  understanding  of  the  workings  of  this  private  mar¬ 
ket  segment,  various  on-site  interviews  were  conducted  at  approximately 
11  percent  of  the  resorts  and  other  accommodation  facilities,  three  percent 
of  the  various  attractions,  13  percent  of  the  campgrounds,  and  18  percent 
of  the  restaurants  in  the  area.  The  percent  of  the  businesses  interviewed 


could  have  been  much  higher  If  the  survey  had  been  conducted  during  the 
summer  months;  but  as  it  were,  many  of  the  facilities  were  closed  for  the 
season . 

Generally  speaking,  these  private  facilities  serve  three  distinct,  but 
broad,  markets:  the  family  on  vacation,  the  business  or  group  at  convention, 
and  the  honeymooners .  Fortunately  the  peak  times  for  these  three  markets 
occur  at  different  times  of  the  year  and  provide  some  business  nearly  year- 
round.  The  vacation  peak  occurs  during  July  and  August,  the  conventions 
usually  take  place  In  the  fall  and  early  spring,  and  the  honeymooners 
arrive  mostly  during  May  and  June.  The  only  excessively  slow  period  for  a 
majority  of  facilities  Is  the  mid-winter  months  of  January  and  February, 
Depending  on  the  type  and  size  of  facilities  some  can  and  do  successfully 
operate  year-round  by  serving  all  three  of  these  markets.  Others  by  their 
very  nature  are  seasonal,  such  as  ski  areas,  campgrounds,  hunting  preserves 
and  the  like.  Most  restaurants  and  major  resorts  are  able  to  remain  open 
80  to  90  percent  of  the  year  and  close  only  to  allow  the  owner  a  vacation 
during  the  relatively  slow  periods. 

The  geographic  market  served  depends  largely  on  the  type  of  facility  and 
two  distinct  trends  have  emerged.  First,  the  plush  luxury  resorts  draw 
heavily  on  the  surrounding  metropolitan  areas,  primarily  New  fork  City  and 
Philadelphia,  and  to  a  lesser  extent  Baltimore,  Washington,  D.C.  and 
Pittsburgh  metropolitan  areas.  Some  resorts  indicate  the  New  York  City 
urban  area  (which  in  this  case  includes  New  York  City  and  the  highly 


urbanised  portions  of  New  Jersey.  New  York  and  Connecticut  surrounding  It) 
would  contribute  50  to  80  percent  of  their  peak  period  business.  The  other 
noticeable  trend  was  that  the  other  facilities,  such  as  restaurants,  camp¬ 
grounds  and  camps,  motels  and  smaller  resorts  relied  much  less  on  the 
larger  metropolitan  areas  for  their  business.  For  this  latter  group  of 
facilities  the  percent  of  patronage  from  the  urbanized  New  York  area  would 
account  for  only  10  to  20  percent  of  their  activity  days.  The  bulk  of  their 
patronage  comes  from  the  states  of  New  York,  New  Jersey  and  Pennsylvania 
but  primarily  from  the  nonurbanized  areas  of  those  states. 

Another  observable  trait  of  the  vacation  segment  of  the  market  was  a  marked 
decline  in  the  average  length  of  stay.  In  the  mid-1960'8  and  earlier,  the 
average  stay  was  a  full  two  weeks,  and  now  the  average  length  of  stay  is 
four  days  to  a  week  at  maximum.  This  trend  is  a  result  of  an  increased 
desire  to  see  more  and  varied  areas  while  on  vacation,  and  satisfaction  of 
this  desire  has  been  possible  by  a  greater  mobility.  However,  very  recently 
this  trend  has  ceased  and  may  even  be  reversing  Itself  as  a  result  of  the 
energy  crisis  that  occurred  in  the  past  year  and  a  half.  The  general  Impact 
of  the  gasoline  shortage  was  twofold;  first,  there  was  a  noticeable  de¬ 
crease  in  the  number  of  visitors  to  the  area  for  recreation  purposes  and 
second,  there  was  a  decrease  in  the  mobility  of  those  who  did  come. 

Growth  in  the  capacity  of  the  private  facilities  In  this  area  has  been  sub¬ 
stantial  but  sporadic.  Within  the  Pocono  Mountain  Region,  which  Includes 
Carbon,  Pike,  Monroe  and  Wayne  counties,  growth  in  the  total  number  of 
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accommodations  (motels,  resorts,  cottages,  etc.)  was  approximately  SO  per¬ 
cent  over  the  past  15  years.  This  Is  an  average  rate  of  growth  of  about 
300  rooms  per  year,  resulting  in  a  total  accomodation  estimate  of  14,000 
rooms  for  the  Pocono  Moiuitaln  Region.  Stroudsburg  Is  the  only  major 
population  center  In  this  Pocono  Mountain  region  estimate.  The  pattern 
of  growth  was  not  constant  and  was  mainly  a  response  to  ey.ogenous  factors 
such  as  completion  of  Interstate  80  and  even  the  anticipation  of  Tocks 
Island  dam. 

The  outlook  for  future  facility  expansion  Is  somewhat  blurred  at  this  point 
The  primary  cause  of  the  uncertainty  Is  the  energy  situation,  and  the  past 
crisis  has  caused  some  worry  about  the  area's  ability  to  continue  to  grow. 
Concerns  of  this  nature  were  voiced  by  about  one-third  of  those  Interviewed 
A  somewhat  larger  percentage  of  those  contacted  felt  the  area  would  con¬ 
tinue  to  be  attractive  to  vacationers,  conventioners  and  honeymooners  such 
as  It  had  In  the  past.  There  was  little  Indication  that  expansion  plans 
were  being  held  in  limbo  because  of  uncertainty  of  the  Tocks  Island  dam. 

In  fact,  at  least  one  business  was  expanding  in  the  face  of  the  fact  that 
It  would  be  Inundated  If  the  Tocks  Island  project  were  to  be  completed. 

The  character  of  the  New  Jersey  area  In  the  immediate  vicinity  of  the 
proposed  dam  Is  the  antithesis  of  Pennsylvania  just  across  the  Delaware 
River.  There  are  few  fuH-servlce  resorts  and  no  highly  organized 
vacation  bureaus  promoting  tourism;  in  their  place  are  several  state  parks 
and  forests,  private  second  home  developments  surrounding  private  lakes. 


environmental  education  centera  and  only  a  few  resorts  and  ski  areas.  The 
setting  is  much  more  rural  and  much  less  commercial. 

Public  recreation  facilities  certainly  play  a  larger  role  In  contributing 
to  total  annual  visitations  In  this  area,  and  also  Indicate  the  type  of 
activities  that  predominate.  Camping,  fishing,  hiking,  and  picknicklng 
are  the  dominant  activities  and  they  are  dispersed  over  various  state 
parks  and  forests.  This  type  of  activity  Is  in  contrast  to  the  mass  par¬ 
ticipation  in  organized  activities  at  large  resort  areas  which  Is  so  preva¬ 
lent  In  Pennsylvania. 

In  Sussex  County  there  are  several  environmental  education  centers  which 
provide  educational  experiences  to  children  with  such  activities  as  living 
farms,  wildlife  refuges,  and  historical  site  studies.  The  programs  are 
operated  through  local  school  systems  and  serve  a  wide-ranging  market  by 
accepting  school  children  from  all  over  New  Jersey. 

In  addition  to  these  modified  education  centers,  there  are  numerous  group 
camps  whose  organization  is  centered  on  similar  nature-oriented  activities. 
Some  of  these  camps  and  organizations  are  also  engaged  in  various  research 
projects  primarily  on  nature  topics.  There  is  also  a  scattering  of  scout 
and  YMCA  camps  throughout  the  region. 

The  drawing  power  of  the  region  is  much  less  than  that  of  its  sister  area 
in  Pennsylvania,  which  is  primarily  due  to  the  lack  of  promotion  for  the 
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New  Jersey  activities.  The  primary  source  of  recreatlonlsts  for  this  area 
is  the  entire  State  of  New  Jersey  and  the  New  York  City  urbanized  area. 


New  York  City  residents  account  for  a  high  percentage  of  the  utilization 
of  the  New  Jersey  state  parks  in  the  area  and  also  contribute  heavily  to 
the  few  resorts  and  ski  areas  that  are  in  Warren  and  Sussex  counties.  In 
general,  however,  this  region  relies  more  heavily  on  a  local  population 
for  its  recreation  activities  than  Pennsylvania. 

The  table  below  shows  the  state  parks  and  their  utilization  in  the  imme¬ 
diate  area  of  DWGNRA. 
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Table  A-15  State  Park  Facilities  and 
Attendance  In  the  Seven-Countv  Impact  Area 


Annual  _ Acres 


Visitor  Days 

Land 

Water 

Total 

New  Jersey 

High  Point 

387,666 

12,292 

80 

12,372 

Stokes 

205,082 

14,177 

55 

14,232 

Swart swood 

107,702 

651 

602 

1,253 

Worthington 

Ik, ^2,1 

5,769 

55 

5,824 

Stephens 

121,367 

133 

0 

133 

Jenny  Jump 

41,757 

934 

33 

967 

Total 

938,561 

33,956 

825 

34,781 

Pennsylvania 

Big  Pocono 

262,514 

1,306 

0 

1,306 

G.W.  Childs 

76,690 

154 

0 

154 

Promised  Land 

602,450 

1,747 

595 

2,342 

Gouldsboro 

183,230 

2,545 

255 

2,800 

Tobyhanna 

188,975 

4,018 

170 

4.188 

Total 

1,313,859 

9,770 

1,020 

10,790 

New  York 

Lake  Superior— 
Highland  Lakes— 

15,000 

1,197 

212 

1,409 

7,500 

2,869 

32 

2,901 

Storm  King  V 

17,500 

1,415 

0 

1,415 

Bear  Mountain  2/ 

2,160,000 

5,033 

33 

5,066 

Harriman  2/ 

Goosepond  Mountain- 

1,933,000 

44,306 

1,875 

46,181 

15,000 

1,541 

2 

1,543 

Total 

4,148,000 

56,361 

2,154 

58,515 

Notes:  New  Jersey  data  includes  State  Forest;  years  may  vary  but 
are  most  recent  available. 

The  table  indicates  all  visitors  and  acreage  even  though 
a  portion  lies  outside  Seven  County  Impact  Area. 

1/  Undeveloped  park,  visitor  usage  is  estimate  from  New  York  State 

Park  officials. 

2/  Bear  Mountain  and  Harriman  State  Parks  are  Included  in  their 

entirety  even  though  some  portions  located  in  Rockland  County  are 
outside  the  Seven  County  Impact  Area. 

Source:  Appropriate  State  Departments. 
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IV.B.2.(d)  Dam  Based  Recreation 

Dam  based  Impoundments  within  the  recreation  service  area  are  particularly 
important  facilities  as  their  facility  mix  and  utilization  patterns  are 
most  comparable  to  TILP.  Dams  within  the  recreation  service  area  are  con¬ 
structed  by  three  groups:  The  U.S.  Army  Corps  of  Engineers  (L'.S.  Army 
Engineer  Districts  in  Baltimore  and  Philadelphia);  the  Soil  Conservation 
Service  (Upper  Darby,  Pennsylvania);  and  electric  utility  companies  under 
auspices  of  the  Federal  Power  Commission  (New  York,  Nev/  York).  For 
recreation  purposes,  the  Soil  Conservation  Service  constructs  dams  with 
impoundments  under  25,000  acre  feet  with  the  Corps  constructing  larger 
ones.  Recreation  is  considered  a  by-product  of  hydroelectric  power  project 
impoundments • 

Five  major  Corps  dams  exist  within  the  recreation  service  area  with  a  com¬ 
bined  1971  annual  attendance  of  776,000  of  which  19.1  percent,  or  148,650 
are  swimming  visitations.  These  facilities  are  located  at  East  Sydney  Lake, 
New  York;  Whitney  Point  Lake,  New  York;  Beltzvllle  Lake,  Pennsylvania; 
Francies  E.  Walter  Dam,  Pennsylvania;  and  Prompton  Lake,  Pennsylvania. 

There  are  four  additional  facilities  under  construction  that  will  open  with¬ 
in  a  decade.  Cowanesque  will  be  completed  in  mid-1980  with  an  expected 
annual  visitation  of  119,000  of  which  30  percent  will  be  swimmers.  Tioga 
and  Hammond  will  open  about  1982  with  a  combined  annual  visitation  of  about 
447,000,  and  they  are  also  expecting  30  percent  swimmers,  ten  percent 
boaters  and  15  percent  campers.  In  addition,  Blue  Marsh  is  under  con¬ 
struction  now  and  should  open  in  late  1979  with  some  435,000  visitors  ex¬ 
pected  during  its  first  full  year  of  operation. 
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Nine  Soil  Conservation  Service  dams,  with  recreation  facilities,  are  pro> 
grammed  for  completion  by  1980  within  the  recreation  service  area.  If  it 
is  assumed  that  water  based  recreation  benefits  accrue  proportionally  to 
Impoundment  size  then  the  total  Impact  of  these  facilities  should  be  less 
than  that  produced  by  the  Corps  of  Engineers.  No  precise  figures  are 
available  as  to  facility  mix.  These  dams  Include  the  following: 


New  York 

Batavia  Kill 


Greene  County 


New  Jersey 

Furnace  Brook 
Stony  Brook 
Assunplck  Creek 


Warren  County 
Hunterdon/Mercer  Counties 
Mercer/Monmouth  Counties 


Pennsylvania 

Brandywine  Creek 
Koercher  Creek 
Mauch  Chuck  Creek 
Briar  Creek 
Nescopeck  Creek 


Chester  County;  New  Castle,  Del. 
Berks  County 

Carbon/Schuylkill  Counties 
Columbia  County 
Luzerne  County 


There  are  several  hydroelectric  reservoirs  located  within  the  recreation 
service  area  Including  Holtwood,  in  Lancaster  County,  Pennsylvania;  Lake 
Wallenpaupack  in  Pike  and  Wayne  counties,  Pennsylvania  operated  by  the 
Pennsylvania  Power  and  Light  Company;  York  Haven  and  Safe  Harbor.  In  addi¬ 
tion,  there  is  the  Yards  Creek  pumped-storage  facility  on  Kittatiny  Moun¬ 
tain  in  Warren  County,  New  Jersey,  operated  by  the  Public  Service  Electric 
and  Gas  Company  and  the  Jersey  Central  Power  and  Light  Company. 


Four  additional  small  hydroelectric  dams  are  located  at  the  northern  edge 
of  the  recreation  service  area  in  New  York.  These  Niaeara-Mohawk  Power 
Corporation  dams  include  the  Mechanlcsvllle,  Johnsonville  and  Schaghticoke 
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reservoirs  with  a  combined  water  area  of  651  acres.  A  fourth  hydroelectric 
facility  at  Schoharie  Creek,  Schoharie  County,  New  York  has  a  430-acre 
Impoundment  with  a  present  annual  visitation  of  20,000. 

A  discussion  of  existing  facilities  and  programmed  visitation  Increases  Is 
contained  in  Chapter  IV.B.4.(c). 

IV.B.2.(e)  Ocean  Beach  Capacities 

A  factor  which  will  have  a  tremendous  effect  upon  swimming  demand  within 
the  recreation  service  area  Is  the  extensive  public  and  private  beach  areas 
along  the  New  Jersey  and  New  York  coastline.  These  beaches  lie  within  an 
easy  1.5-hour  drive  of  New  York  City  and  Philadelphia,  and  are  capable  of 
absorbing  enormous  amounts  of  swimming  and  boating  demand. 

The  New  Jersey  Statewide  Comprehensive  Outdoor  Recreation  Plan  of  1973 
lists  152,020  linear  feet  of  public  and  private  ocean  shoreline  used  for 
recreation  within  the  recreation  service  area.  An  additional  376,234 
linear  feet  of  shore  on  the  south  shore  in  Cape  May  and  Atlantic  counties 
Is  located  within  150  miles  of  DWGNRA.  The  Long  Island  shore  line,  all 
of  which  Is  within  the  recreation  service  area,  contains  13,580  linear 
feet  of  beach  in  Kings  County,  15,270  linear  feet  in  Queens  County,  54,670 
linear  feet  in  Nassau  County,  and  92,550  linear  feet  in  Suffolk  County. 

Assuming  the  space  standards  used  for  determining  recreation  capacities 
within  the  recreation  service  area  apply  to  ocean  beaches,  the  ocean  beaches 
within  the  service  area  are  capable  of  handling  985,000  people  on  a  given  day. 


IV- 55 


The  additional  376,234  feet  of  beach  on  the  New  Jersey  South  Shore  accooi- 
modates  an  additional  1,128,702  people.  Forty-seven  percent  of  the  shore¬ 
line  capacity  of  2,133,700  falls  within  the  recreation  service  arcs,  and 
represents  20  percent  of  total  capacity  of  all  swlimnlng  facilities 
within  the  area.  The  total  ocean  front  swlnming  capacity,  including  the 
South  New  Jersey  shore,  is  slightly  more  than  half  of  the  strlinmlng  capacity 
of  the  entire  service  area. 

IV.B.2.(f)  Private  Residential  Swimming  Pools 

One  factor  affecting  the  overall  swimming  capacity,  and  the  resultant 
demand,  in  the  service  area  which  does  not  appear  In  the  capacity  tables 
is  the  private  residential  pool.  Although  these  facilities  are  relatively 
small,  their  number  is  not.  "Swimming  Pool  Weekly"  estimates  1,021,500 
private  residential  pools  are  presently  In  use  In  the  nation,  represent¬ 
ing  75  percent  of  the  total  Inventory  of  artificial  pools  in  the  country. 
Furthermore,  they  Indicate  new  construction  In  the  Northeast  part  of  the 
country  is  above  the  national  average.  It  is,  therefore,  reasonable  to 
assume  that  on  a  population  basis  there  Is  a  proportionate  number  of  pri¬ 
vate  pools  within  the  service  area. 

With  over  29,000,000  people,  or  approximately  14  percent  of  the  national 
total,  It  is  estimated  that  143,000  private  pools  are  within  the  service 
area.  To  compute  the  capacity  of  these  pools,  it  is  assumed  that  on  a 
peak  Sunday  approximately  90  percent  of  the  families  will  use  their  pools. 
The  capacity  would  then  equal  393,822  people  (.90  x  3.06  people/family  x 
143,000).  Adding  this  to  the  capacity  of  public  beaches  and  pools 


(4,912,348),  the  total  swlnming  capacity  becomes  5,306,170.  The  private 
pools  contribute  approximately  7.S  percent  to  this  total. 

IV. B. 2(g)  Great  Adventure  Park  and  Jungle  Habitat 

Great  Adventure  Park  comprises  1,600  acres  In  Jackson  (Ocean  County), 

New  Jersey.  This  private  drive-through  animal  preserve  experienced  1.4 
million  visitations  during  1974.  Approximately  three  million  visitors  are 
predicted  during  1975.  This  facility  Is  extremely  noteworthy  because  of 
its  uniqueness  and  Its  absorption  of  day  trip  and  overnight  visitors. 

During  1974,  campgrounds  within  a  ten-mile  radius  experienced  100  percent 
bookings.  It  Is  likely  Great  Adventure  attendance  will  drop  to  approximately 
two  million  annual  visitors  by  1980. 

Closer  to  DWGNRA  Is  Jungle  Habitat  in  West  Milford,  New  Jersey  In  Passaic 
County.  A  few  years  older  than  Great  Adventure  Park,  and  somewhat  smaller 
li\  scope.  This  park  appeals  to  the  same  market  with  Its  wild  animal  preserve 
and  amusement  activities. 


IV. B. 3  RECREATION  SPACE  STANDARDS  AND  DESIGN  CAPACITIES 


IV.B.3(a)  Analysis 

In  determining  the  carrying  capacity  of  the  recreation  Inventory  within  the 
service  area,  the  key  is  the  recreation  space  standard.  Typically,  the 


IV-57 


number  of  seres  or  units  of  available  recreation  facilities  are  multiplied 
by  the  number  of  persons  per  day  that  can  reasonably  be  expected  to  use 
that  facility,  and  the  result  Is  the  ntimber  of  recreation  opportunities 
available . 

Admittedly,  certain  problems  arise  by  using  this  method.  For  one  thing, 
without  detailed  Information  about  the  quality  of  recreational  experience 
available  at  each  existing  facility,  a  common  standard  may  not  realisti¬ 
cally  reflect  the  actual  usage.  Secondly,  common  standards  can  not  be 
Indiscriminately  applied  to  facilities  which  serve  different  segments  of  the 
population.  The  inten  ^ty  of  facility  use  that  Is  conraon  to  the  typical 
urbanite  may  be  totally  unacceptable  to  the  rural  inhabitant.  Furthermore, 
few  government  planning  agencies  or  private  Interest  groups  will  agree  on 
a  common  standard,  even  those  groups  which  operate  within  the  service  area. 

Without  this  detailed  information  on  the  existing  facilities,  however,  the 
choice  of  method  for  determining  capacity  is  limited.  The  objective, 
therefore,  is  the  selection  of  a  set  of  standards  which  is  believed  to  pro¬ 
vide  a  quality  of  experience  acceptable  to  the  "average"  resident  within 
the  service  area  and  which  will  not  exceed  the  physical  carrying  capacity 
of  the  facility.  To  begin,  a  brief  review  of  space  standards  presently  used 
or  recoinnended  for  new  facilities  is  herein  presented. 

The  standards  listed  In  Table  A-16  below  are  for  the  most  part  a  com¬ 
pilation  of  "Outdoor  Recreation  Space  Standards"  by  the  Department  of  the 
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Interior,  Bureau  of  Outdoor  Recreation,  reprinted  In  March  1970.  Addl~ 
tlonal  standards  proposed  for  comprehensive  outdoor  recreation  plans  by 
the  New  Jersey  Department  of  Environmental  Protection  and  New  York  State 
Parks  and  Recreation  have  been  Included  since  both  of  these  agencies 
operate  within  the  recreation  service  area. 

These  standards  are  fairly  representative  of  those  in  use  by  several  federal 
and  local  agencies  and  serve  to  Illustrate  the  tremendous  range  that  exists. 
In  some  instances,  the  standards  include  requirements  for  secondary  facili¬ 
ties  such  as  parking,  sanitary  stations,  boat  ramps,  etc.,  as  well  as  adja¬ 
cent  open  space.  Generally,  standards  which  include  greater  detail  also 
recommend  a  lower  degree  of  land  utilization  and  a  correspondingly  higher 
quality  of  development .  One  source  of  each  standard  is  noted  In  the  biblio¬ 
graphy  mainly  to  illustrate  the  agency’s  area  of  the  country  where  each 
standard  Is  used. 

Table  4-17  summarizes  the  range  of  standards  for  each  activity.  Since 
not  all  standards  went  into  great  detail,  a  degree  of  inaccuracy  may  have 
resulted  in  converting  each  standard  Into  a  common  unit,  that  Is;  If  the 
standard  proposed,  say  25  picnic  tables  per  acre,  has  neglected  parking 
space  and  sanitary  facilities,  the  actual  land  utilization  may  be  signi¬ 
ficantly  lower.  Since  few  of  the  standards  calculated  user-days  per  acre 
many  of  the  figures  In  the  last  column  have  been  calculated  based  on  an 
assumed  range  of  turnover  rates  and,  where  applicable,  the  number  of  people 
per  unit;  for  example,  the  number  of  people  per  boat  may  vary  from  2  to  4, 
the  number  per  campsite  from  4  to  5,  and  the  number  per  picnic  table  from 
4  to  8 . 
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Table  4-16  Comparison  of  Recreation  Standards  (Continued) 


Table  4-16  Comparison  of  Recreation  (Continued) 


IV.B.3.(b)  Summary 

The  selection  of  a  set  of  standards  for  determining  existing  carrying 
capacities  was  made  by  rejecting  both  the  highest  and  lowest  standards 
(See  Table  4-17)  for  each  activity  and  settling  on  a  median  value  of  the 
ones  remaining  (See  Table  4-18) .  It  was  felt  that  the  lowest  standards 
In  each  group  would  provide  at  best  a  poor  quality  of  recreation  exper¬ 
ience.  Conversely,  while  the  highest  standards  may  reflect  an  Ideal 
quality  of  experience,  It  was  felt  that  they  do  not  reflect  the  level  of 
land  utilization  appropriate  to  the  Northeast  section  of  the  country  and 
would,  if  used  In  the  context  of  this  chapter,  suggest  a  carrying  capacity 
way  below  that  which  Is  reasonable  to  expect. 
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Table  4-17  Summary  of  Recreation  Srace  Standards 

Facility  Space  Standard  Turnover  Land  Utilization 


(Users/ day /acre) 


Swimming : 

Beach 

50 

to 

300  s.f. /person  3 

to 

2610 

to 

220 

Water 

25 

to 

200 

5220 

to 

334 

Total  (w/  parking, 

160 

to 

450 

815 

to 

145 

buffer,  etc.) 

Boating: 

General 

1 

to 

6.5  acres/boat  3 

1 

4.0 

to 

0.4 

Fishing 

to 

2.5 

15 

to 

0.8 

Water  Skiing 

3 

to 

40 

1.0 

to 

0.22 

Fishing: 

Lake 

0.07 

to 

1.2  acres/person 

1 

15 

to 

0.8 

Stream 

Js 

to 

mile  of  stream 

Trail: 

Nature 

1/50 

to 

1/5  mile/per son  8 

to 

3 

150 

to 

33 

Hiking 

1/40 

to 

1/4 

10 

to 

3 

Horse 

1/12 

- 

to 

2 

Picnicking 

1/25 

to 

1/4  acre/site  l*s 

to 

1 

220 

to 

16 

Camping: 

Site 

1/16 

to 

1/3  acre/site 

1 

64 

to 

12 

(w/  open  space) 

4  acres/site 

4 

Hunting: 

5 

to 

64  acres/person 

1 

0.20 

to 

0.015 
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Table  4-18  Space  Standards  used  to  Determine  Carrying  Capacity 
Recreation  Facilities, 


Facility 

Swlinmlng : 

Beach 

Pool 


Standard 


100  sq.  ft.  of  Beach/Person 
36  sq.  ft.  of  Pool/Person 
(1/3  of  people  In  water  at  one  time) 


Boating  (all  types) 


3  water  acres/boat 
3  people/boat 


Fishing; 

1/3  water  acre/person 
1/2  mile  of  stream/person 


Lake 

Stream 


Trail  (all  types) 


Picnicking: 


Camping: 


Hunting: 


1/12  mile/person 


4  sites/acre 

5  people/table 


6  sites/acre 
4  people/site 


10  acres/person 


of  Exlstlni 


Turnover 


1.5 

3 


2 


1 


5 


1.5 


1 


1 
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IV.B.3.(c)  Recreation  Service  Area  Facility  Capacities 
The  capacity  of  the  recreation  Inventory  of  the  recreation  service  area  Is 
determined  from  the  space  standards  previously  described  as  follows. 

Swimming  Beaches: 

Linear  feet  of  beach  X  two  swimmers  per  linear  foot  X  a  turnover  of  1.5  or 
linear  feet  of  beach  X  3. 

Swimming  Pools: 

Square  feet  of  pool  area  X  one  swimmer  per  36  square  feet  X  a  turnover  of 
3  X  three  persons  per  swimmer  In  the  water,  or  square  feet  of  pool  area  X 
9/36  or  1/4. 

Boating; 

Acres  of  water  X  1  boat  per  3  water  acres  X  3  people  per  boat,  a  turnover 
of  2  or  water  acres  X  2. 

Fishing; 

Acres  of  water  X  one  boat/acre  X  3  people/boat,  or  acres  of  water  X  3. 

Picnicking; 

Number  of  tables  X  5  people  per  table  X  a  turnover  of  1.5,  or  number  of 
tables  X  7.5. 
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Hxmtlng; 

Number  of  acres  X  1  hunter  per  10  acres,  or  number  of  acres  divided  by  10. 

Camping; 

Number  of  campsites  X  4  people  per  site. 

Trails: 

Miles  of  trails  X  12  people  per  mile  of  trail  X  a  turnover  of  5,  or  number 
of  miles  of  trail  X  60. 

From  these  standards  and  the  facility  Inventory  tables  by  state  and  county, 
the  capacity  of  the  recreation  service  area  within  each  state  Is  calculated 
by  activity  type  in  the  following  table.  Recreation  service  area  totals  by 
activity  are  also  given. 
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IV. a. 3(d)  Qualitative  Recreation  Standards 


A  complete  discussion  of  standards  for  recreation  should  Include  a  brief 
Introduction  to  what  may  be  considered  as  qualitative  standards.  This 
discussion  can  be  regarded  as  an  Investigation  Into  a  relatively  unexplained 
dimension  of  the  question  of  recreation  supply,  an  aspect  of  that  question 
that  deals  more  with  the  satisfaction  derived  by  the  user  of  a  recreation 
facility,  rather  than  with  the  actual  physical  circumstances  of  the  use. 

The  question  of  user  satisfaction  is,  of  course,  very  sensitive  to 
definitions  of  the  nature  of  experience  from  which  the  satisfaction  is  to 
be  derived;  is  it  to  be  leisure,  play,  fun,  sport,  relaxation,  recreation? 

Each  of  these  terms  }ias  a  different  meaning  in  a  literal  sense,  and  almost 
an  infinite  variety  of  connotations  when  considered  as  sources  of 
satisfaction  for  an  individual.  It  is  far  beyond  the  scope  of  this  work 
to  attempt  any  complete  description,  let  alone  analysis  of  what  the 
"recreation"  experience  might  be  to  any  one  person.  Rather  a  broad  overview 
of  the  recreation  experience  is  sketched  and  some  implications  about  the 
qualities  of  this  experience  as  they  might  be  appreciated  by  a  variety  of 
persons  is  discussed.  The  question  of  "Psychological  Carrying  Capacity" 
treated  earlier  will  be  examined  as  a  limiting  factor  to  the  individual’s 
ability  to  achieve  satisfaction  from  the  recreation  experience. 

The  importance  of  establishing  concepts  of  qualitative  standards  for 
recreation  cannot  be  underestimated  as  it  is  most  likely  that  the  satisfaction 
derived  by  the  individual  is  the  best  measure  of  recreation's  contribution 
to  the  welfare  of  society.  Recreation's  contribution  to  society  as  an 
organizing  and  socializing  force  has  long  been  appreciated  in  the  context 
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of  sports  and  play.  Psychoanalytic  theory  has  recognized  the  functions 

of  play  In  the  child  and  fantasy  In  the  adult  as  similar  processes  allowing 

the  individual  to  assimilate  excessive  experiences  and  make  of  himself 

I 

"master  of  the  situation".  Thus,  recreation  of  various  sorts  can  range 
in  function  from  helping  to  socialize  the  Individual,  a  commonly  accepted 
value  of  team  sports,  to  allowing  the  individual  to  cope  with  potential 
psychological  problems.  Some  of  these  functions  of  recreation  are  well 
documented  in  the  literature  of  psychology  and  sociology. 


Other  functions  of  recreation,  more  subtle,  yet  no  less  important  have 
yet  to  be  treated  by  science  or  social  science.  Chief  among  these  other 
benefits  to  be  derived  from  recreation  is  the  individual's  profit  from  close 
association  with  the  natural  environment,  the  Interaction  with  nature  central 
to  many  forms  of  outdoor  recreation.  To  examine  these  benefits  we  may  look 
to  poetry  and  literature  where  the  appreciation  of  the  natural  environment 
has  ever  been  a  primary  subject.  Three  examples  are  chosen  which  illustrate 
the  quality  of  recreation  experience  as  perceived  by  highly  different 
users.  William  Wordsworth,  In  his  "Lines  Composed  a  Few  Miles  Above 

Tlntem  Abbey"  (1798)  elegantly  describes  the  great  satisfaction  he  gained 
from  this  association  with  nature; 


. . . .Therefore  am  I  still 
A  lover  of  the  meadows  and  the  woods. 

And  mountains;  and  of  all  that  we  behold 
From  this  green  earth;  of  all  the  mlghtly  world 
Of  eye,  and  ear  -  both  what  they  half-create. 
And  what  perceive;  well  pleased  to  recognize 
In  nature  and  the  language  of  sense. 

The  anchor  of  my  purest  thoughts,  the  nurse. 

The  guide,  the  guardian  of  my  heart,  and  soul 
Of  all  my  moral  being. 

(lines  102-111) 
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(Note:  Footnotes  are  found 
on  Page  IV-153) 


Wordsworth  wrote  these  lines  “...after  a  ramble  of  four  or  five  days," 
and  while  the  view  of  nature  as  "nurse,  guide  and  guardian"  is  characteristic 
of  the  Romantic  Age  in  general,  other  more  modern  writers  have  been  likewise 
inspired  while  hiking.  In  this  next  passage,  taken  from  the  Hemingway  short 
story,  "The  Last  Good  Country"  the  characters,  Mick  Adams  and  his  sister, 
experience  a  sense  of  religious  awe  while  walking  in  the  woods. 


"... There  was  no  underbrush  and  the  trunks  of 
Che  trees  rose  sixty  feet  high  before  there 
were  any  branches.  It  was  cool  in  the  shade 
of  Che  trees  and  high  up  In  them  Nick  could 
hear  the  breeze  that  was  rising.  No  sun  came 
through  as  they  walked  and  Nick  knew  there 
would  be  no  sun  through  the  high  top  branches 
until  nearly  noon.  His  sister  put  her  hand 
in  his  and  walked  close  to  him. 

"I'm  not  scared,  Nickie.  But  it  makes  me 
feel  very  strange." 

"Me,  too,"  Nick  said.  "Always." 

..."Nickie,  where  we're  going  to  live  isn't  as 
solemn  as  this,  is  it?" 

"No.  Don't  you  worry.  There  it's  cheerful. 
You  just  enjoy  this,  Llttless.  This  is  good 
for  you.  This  is  the  way  forests  were  in  the 
olden  days.  This  is  about  the  last  good  country 
there  is  left.  Nobody  gets  in  here  ever." 
..."...this  kind  of  woods  makes  me  feel  awfully 
religious." 

"That's  why  they  build  cathedrals  to  be  like 
this." 


While  these  aesthetic  and  religious  experiences  of  nature  might  seem  to  be 

specific  to  the  artistic  temperament,  such  is  not  the  case.  A  1956  study 

"...  asked  36  informants  in  personal  interviews  to  tell  (us)  in  their  own 

words  why  they  were  in  the  wilderness.  Analysis  disclosed  five  broad 

categories  of  reasons  which,  taken  together,  depict  the  imagery  of  the 

2 

wilderness  by  those  who  visit  it."  It  is  Important  to  note  that  these 
images  were  used  by  "ordinary"  campers,  presumably  without  poetic  Intentions. 
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single  Images  were  rarely  maintained  by  the 
respondents,  although  four  saw  the  wilderness 
only  as  a  locale  for  sport  and  play,  four  only 
as  a  fascination,  and  one  each  exclusively  a 
sanctuary  or  heritage.  Usually  the  view  of 
the  wilderness  in  terms  of  sport  and  play  was 
combined  with  its  fascination,  its  value  as  a 
refuge,  or  a  heritage.  It  was  also  conmon  to 
find  the  Images  of  the  wilderness  as  a 
fascination  and  a  sanctuary  combined.  ^ 


Simply  knowing  that  campers  find  these  spiritual  qualities,  however, 
vaguely  defined.  In  their  experience  of  nature  Is  a  first  step  toward 
defining  some  concepts  of  qualitative  recreation  standards,  at  least 
as  regards  the  satisfactions  to  be  gained  from  the  "wilderness"  experience. 
The  preparations  that  these  parties  made  also  offer  some  Insight  Into  the 
qualitative  experiences  they  sought. 

Of  this  sample  of  campers  regarding  the  planning  efforts  of  each  for  their 

wilderness  experience,  "...fourteen  spent  one  or  two  months;  14,  more  than 

4 

two  months  but  less  than  a  year;  and  seven  spent  a  year  or  more."  Of  the, 

"...20  groups  represented  by  these  Interviews  (only  one)  was  without  an 

experienced  outdoorsman  in  the  main  party,  and  that  group  had  employed  a 

5 

professional  guide."  It  is  obvious  that  with  such  extensive  planning 
efforts  that  the  campers  were  preparing  themselves  for  a  very  particular 
qualitative  experience.  Through  the  months  of  planning,  the  campers' 
anticipation  and  expectations  caused  them  to  form  an  idealized  conception 
of  what  the  quality  of  their  recreation  experience  would  be.  The  language 
they  used  to  describe  the  Imagery  of  their  experience,  "fascination,  refuge, 
sanctuary",  reveals  their  Idealized  expectations  were  rewarded  by  the  quality 
of  theli  experiences. 
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Anticipation  and  expectation  can  shape  the  quality  of  the  recreation 
experience.  To  use  an  extreme  example,  the  demolition  derby  can  be 
seen  to  be  both  a  sport  and  spectator  recreation  that  takes  its  form 
entirely  from  the  expectations  of  its  audience.  Why  put  up  with  the 
monotony  between  crashes  when  you  can  create  a  sport  that  Is  entirely 
composed  of  crashes? 

The  concept  of  "Psychological  Carrying  Capacity"  as  it  is  in  fact 
determined  by  the  expectations  of  the  individual  becomes  important  to 
this  discussion  once  again.  There  is  nothing  inherent  in  the  nature  of 
the  activity,  nor  the  site  upon  which  it  is  carried  out  (given  certain 
minimal  standards)  that  can  explain  the  individual's  satisfaction  or 
lack  of  same  with  his  recreation.  Rather,  the  individual's  expectations 
must  be  considered  as  the  prime  determinant  of  his  satisfaction  with 
the  recreation  experience.  For  Hemingway's  Nick  Adams  the  fact  that, 
"Nobody  gets  in  here  ever",  made  of  that  place,  "The  Last  Good  Country". 
Nick's  expectations  for  that  place  would  have  been  destroyed  even  by 
the  thought  that  anyone  else  ever  went  there.  For  Nick,  the  psychological 
carrying  capacity  for  that  site  for  other  people  was  zero.  Likewise 
Che  expectations  of  the  stock  car  racing  fans  for  crashes  were  not  often 
enough  rewarded,  and  the  demolition  derby  was  created.  For  the  spectator 
of  Che  demolition  derby  the  constant  crashes  and  the  contagious  enthusiasm 
of  the  crowd  meets  his  expectations  and  provides  a  satisfying  recreation 
experience. 

It  has  been  pointed  out  that  the  individual's  satisfaction  with  the 
recreation  experience  is  largely  determined  by  his  expectations.  The 
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implications  of  this  for  defining  qualitative  standards  for  recreation  are 
that  the  expectations  of  the  user  must  be  identified  so  that  the  "carrying 
capacity"  of  his  expectations  for  other,  perhaps,  conflicting  elements  can 
be  determined.  Short  of  a  rigorous  identification  of  user  expectations  it 
is  possible  to  conclude  that  the  recreation  experience  is  highly  sensitive 
to  considerations  of  quality. 

Unfortunately  it  is  impossible  to  do  little  more  than  set  physical  and 
ecological  carrying  capacity  standards  in  a  planning  effort  such  as  this. 
These  quantitative  standards,  while  important  parameters  for  maintaining 
the  natural  setting,  say  little  about  the  quality  of  the  experience  or  the 
designed  environment. 

The  qualitative  aspects  of  user  experiences  for  the  two  major  alternatives 
for  Che  Delaware  Water  Gap  National  Recreation  Area,  with  and  without  a  dam, 
are  discussed  In  Chapter  XVIII.  But  in  general,  the  term  "Recreation  Area" 
begins  to  set  user  expectations  Itself.  While  a  limited  number  of  National 
Recreation  Areas  currently  exist  and  few  potential  users  have  formed  a  firm 
idea  of  what  such  an  area  is,  it  is  safe  to  assume  Chat  use  of  the  term 
suggests  activities,  participation  in  outdoor  experiences  generally  more 
active  than  would  be  suggested  by  the  term  "nature  preserve."  The  intro¬ 
duction  of  the  variable  of  building  or  not  building  a  dam  begins  to  set 
other  expectations.  The  dam  implies  lake;  lake  Implies  boating,  swimming, 
still  water  and  serenity.  No  dam  implies  river;  movement,  constant  change, 
rapids,  excitement,  and  silent  power  are  easily  associated  with  the  concept 
of  a  river.  Dam  may  also  imply  man-dominated,  harnessing  the  force  of 
nature,  and  conquering  Che  river. 
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IV. B. A.  PROGRAMMED  RECREATION  FACILITIES 


IV.B.A.(a)  Scope  of  Programmed  FacllltleB 

Major  existing  facilities  were  determined  primarily  by  a  review  of  state 
park  systems  and  federal  parks.  Facilities  presently  on  capital  budgets 
plus  those  planned  to  be  in  place  by  1980  were  determined.  General  empha¬ 
sis  was  placed  upon  water  related  recreation  facilities  and  specific  empha¬ 
sis  was  placed  on  comparable  facilities  located  at  dam-based  impoundments. 
Thus,  dams  within  the  recreation  service  area  built  by  power  companies 
(sanctioned  by  the  Federal  Power  Commission,  New  York  City),  the  Soil 
Conservation  Service,  Upper  Darby,  Pennsylvania  (under  25,000  acre  feet 
impoundments)  and  U.S.  Army  Corps  of  Engineers,  Philadelphia,  Pennsylvania 
(over  25,000  acre  feet  impoundments)  were  examined.  The  status  of  Gateway 
National  Recreation  Area  was  also  determined. 

Facilities  projections  are  limited  to  those  provided  by  the  public  sector. 
This  is  due  to  the  assumed  volatility  of  the  private  recreation  market. 

One  exception  is  Great  Adventure,  New  Jersey,  a  zoo  facility  with  expected 
1975  visitation  of  3,000,000  visitors.  Green  Acres  and  Project  70,  the  New 
Jersey  and  Pennsylvania,  respectively,  open  space  bond  Issues  will  have  an 
Impact  on  recreation  facilities,  but  the  extent  is  presently  unclear. 

IV.B.4.(b)  Gateway  National  Recreation  Area 

Gateway  National  Recreation  Area,  operated  by  the  National  Park  Service  at 
New  York  Harbor  experienced  5.1  million  annual  visitations  during  its  first 
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full  season  (197A)  and  attendance  Is  forecast  at  ten  million  by  1980.  This 
facility  contains  6,000  acres  In  Queens  (Jamaica  Bay  Bird  Sanctuary), 
Brooklyn  (shorelands  and  Floyd  Bennett  Field),  Staten  Island  and  Honmouth 
County  (Sandy  Hook) .  No  conceptual  plan  regarding  facilities  mix  exists 
at  present,  but  development  will  primarily  utilize  present  In-park  resources 
Including  huge  hangars,  historic  sites  and  beaches.  In  1974,  Sandy  Hook 
and  Rlis  Park  beaches,  respectively,  experienced  800,000  and  2,500,000  visi¬ 
tors.  It  Is  assumed  annual  visitation  at  these  facilities  will  rise  at  a 
slow  rate  through  1980. 

IV.B.4.(c)  Dam  Based  Facilities 

Notable  increases  in  visitation  are  prospected  for  Lake  Wallenpaupack, 

Yards  Creek  and  Schoharie  Creek  impoundments.  These  will  total  approximate¬ 
ly  500,000  annual  visitations  for  swimming,  boating,  camping,  picnicking 
and  hiking. 

Presently  Lake  Wallenpaupack  in  Pike  and  Wayne  counties,  Pennsylvania 
(5,700  water  acres)  provides  11  boat  ramps  with  an  estimated  3,500  regis¬ 
tered  boats.  An  estimated  4,000  summer  cottages  surround  this  lake.  Motor- 
boat  crowding  at  this  facility  is  legendary,  with  popular  rumor  being  that 
swimmers  are  prevented  from  using  the  lake  due  to  the  boating  hazards. 
Presently,  the  five-acre  beach  is  over-utilized  by  ten  percent.  There  are 
157  picnic  tables  and  300  tent  sites,  each  used  to  capacity.  Ten  acres  of 
beach,  150  additional  picnic  tables,  12  miles  of  trail,  and  approximately 
65  camping  sites  are  to  be  added. 


Holtwood  Dam,  Lancaster  County,  Pennsylvania  (2,400  water  acres)  facilities 
expansions  Include  335  picnic  tables  In  addition  to  the  present  633,  and 
300  additional  campsites  In  addition  to  the  present  156,  and  one  boat  ramp 
In  addition  to  six  existing  ones. 

According  to  Federal  Power  Commission  Licensed  Projects,  Recreation  Reports 
for  1973  and  1974,  Yards  Creek  Upper  and  Lower  Reservoirs  (300  water  acres) 
are  expected  to  Increase  from  10,000  present  annual  visitations  to  250,000. 

No  Information  Is  available  on  future  facilities  envisioned,  but  present  sites 
permit  sightseeing  and  picnicking,  hiking  and  group  boy  scout  camping. 

Schoharie  Creek  Dam,  Schoharie  County,  New  York  (430  water  acres)  envisions 
an  Increase  from  the  present  20,000  annual  visitations  to  72,000,  with 
12,000  being  overnight  campers.  The  facility  presently  contains  100  camp¬ 
sites,  one  swimming  pool  and  one  boat  launch  ramp  at  100  percent  capacity. 

IV.B.4.(d)  Pennsylvania  State  Parks 

Pennsylvania  envisions  significant  additions  to  its  extensive  network  of 
state  park  facilities  by  1980.  Within  the  recreation  service  area,  approxi¬ 
mately  3,250  lineal  feet  of  beach,  62,000  square  feet  of  pool  area,  1,175 
campsites,  and  facilities  for  700  boats  will  be  added  by  1980. 

Significant  beach  area  will  be  added  to  Blue  Marsh  Park,  Berks  County 
(800  feet),  Swatara  Gap,  Lebanon  County  (800  feet),  and  Nescopeck,  Luzerne 
County  (700  feet). 
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Large  swimming  pools  will  be  Installed  at  Jacobsburg,  Northampton  County 
(15,000  square  feet).  Marsh  Creek,  Chester  County  (10,000  square  feet), 
and  Nofkaailxon,  Bucks  County  (25,000  square  feet).  Camping  will  be 
significantly  Increased  at  Nockamixon,  Bucks  County  (600  sites)  and  Hickory 
Run,  Carbon  County  (400  sites).  Boating  ramps  will  be  Installed  at 
Neshaminy,  Bucks  County  (600  boats)  to  coincide  with  improved  Delaware 
River  water  quality.  Additional  boating  and  picnicking  will  be  provided 
at  Beltzvllle  In  Carbon  County. 

IV.B.4.(e)  New  Jersey  State  Parks 

Relatively  few  additions  to  the  New  Jersey  State  Park  System  are 
contemplated  or  programmed  presently.  State  policy  is  to  provide  facili¬ 
ties  in  proximity  to  urban  regions  with  mass  transit  access  with  currently 
available  funds. 

Approximately  $50,000,000  available  through  the  Creen  Acres  Bond  Issue 
(approved  November  1974)  and  $15,000,000  available  through  the  Bureau  of 
Outdoor  Recreation  is  expected  to  be  the  major  funding  of  New  Jersey  state 
park  facilities.  Based  on  1975  costs,  this  translates  to  910  linear  feet 
of  beach,  1,300  campsites,  1,625  picnic  tables,  23  boat  ramps,  and  65  miles 
of  hiking  and  nature  trail.  An  additional  $150,000,000  will  also  be  available 
through  Green  Acres  for  state  and  local  developments. 

Spruce  Run  and  Round  Valley,  both  in  Hunterdon  County,  are  undergoing 
expansion.  Round  Valley  will  be  officially  opened  with  all  facilities 
operating  by  July  1976.  Both  parks  offer,  or  will  in  the  near  future. 
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boating,  picnicking,  swimming  and  camping  activites  in  addition  to  various 
other  day  use  activities.  Neither  park  will  be  developed  to  full  capacity. 
Chapter  XllI  discusses  further  expansion  potentials. 

The  present  major  planned  facility  is  Liberty  Park  along  the  Hudson  River 
at  Jersey  City  (Hudson  County).  While  still  in  the  conceptual  design  stage, 
this  park  will  cater  to  urban  needs  and  form  a  suitable  backdrop  for  the 
nearby  Statue  of  Liberty.  It  is  likely  promenades,  huge  swimming  pools, 
public  forums,  court  games  and  environmental  education  will  constitute 
major  areas.  This  park  will  be  similar  in  many  ways  to  Roberto  Clemente 
Park  along  the  Harlem  River  in  New  York  City. 

Additional  local  facilities  will  bo  funded  through  the  Green  Acres  Program. 
The  actual  mix  and  amount  of  facilities  built  under  this  program  is  unclear 
at  this  time.  There  are  also  opportunities  to  increase  the  ocean  beach 
capacities,  exemplified  by  a  current  suit  by  New  Jersey  against  the  Boroughs 
of  Deal  and  Bayhead. 

IV.B.A.(f)  New  York  State  Parks 

Relatively  few  additions  to  the  New  York  State  Park  system  are  contemplated 
or  programmed  at  this  time  due  to  budgetary  constraints.  State  policy  will 
generally  focus  on  providing  recreation  close  to  urban  centers  and  specifi¬ 
cally  along  the  Hudson  River  corridor  between  New  York  City  and  Albany. 

Of  most  significance  is  the  anticipated  tenfold  increase  in  Hudson  River 
Boating  due  to  Improved  water  quality.  Small  craft  on  a  typical  summer 
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Sunday  are  expected  to  increase  to  A, 000  to  StOOO  by  1980  fro*  present 
levels  of  450  to  500. 


Iona  Island  In  the  Hudson  River >  and  a  portion  of  Hatriaan  State  fark  in 
Rockland  County,  will  be  developed  to  accomodate  8,000  daily  viaitors  by 
1980,  with  a  significant  percentage  using  a  large  svinntng  pool;  Below 
Iona,  a  large  pool  will  be  constructed  in  Blauvelt  State  Park,  part  of  the 
Palisades  Interstate  Park  System.  In  Putnaoi  County,  the  Hudson  Highlands 
State  Park  will  contain  a  lOO-foot  beach  projected  to  be  in  operation  by  1980. 

Improvements  in  the  vicinity  of  New  York  City  are  expected  to  take  the  form 
of  urban  riverside  parks,  w^th  large  swimning  pools,  extensive  promenades, 
environmental  education,  court  games  and  performing  arte  activities.  The 
facilities  mix  will  be  significantly  different  than  in  rural  state  parks. 

The  prototypical  example  is,  again,  Roberto  Clemente  Park  along  the  Harlem 
River  in  New  York  City. 

The  only  significant  facility  programed  elsewhere  in  the  New  York  portion 
of  the  recreation  service  area  is  Oquaga  State  Park  (Delaware  County).  This 
day  use  facility  will  center  on  a  small  impoundment  on  a  tributary  to  the 
Delaware  River  near  the  conjunction  of  Delaware,  Broome,  and  Chenango  Counties. 
By  1980,  swimming  and  picnicking  facilities  and  hiking  trails  will  be  provided. 
No  specific  facilities  are  programed  at  Upstate  New  York  City  reservoirs, 
including  Ashokan  (Sullivan  County) ,  Pepacton  (Delaware  County) ,  Rondout 
(Sullivan  County) ,  and  Croton  and  Kensico  Reservoirs  (Westchester  County) . 
Consideration  of  potential  facilities  is  discussed  in  Chapter  XIII  on  recreation 
alternatives. 
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IV.C.  DEMAND  FOR  RECREATIONAL  FACLiTIES 


Subject  to  the  qualifications  concerning  the  state  of  the  art  of  recreation 
demand  forecasting  expressed  in  the  preface  to  this  chapter,  this  section 
presents  an  analysis  of  demand  within  the  recreation  service  area  of  the 
Tocks  Island  Lake  Project  and  also  presents  some  observation  on  the  charac¬ 
teristics  of  recreation  demand  more  generally.  This  section  contains  five 
major  parts.  The  first  reviews  the  demand  forecasting  history  of  the  pro¬ 
ject;  the  second  describes  the  consultant's  approach  and  data  base;  the 
third  discusses  some  of  the  demographic  differences  in  recreation  prefer¬ 
ences;  and  the  fourth  goes  into  some  detail  on  the  utilization  (expressed 
demand)  of  four  comparable  facilities  in  the  region.  Finally,  these 
components  are  translated  into  a  forecast  of  the  service  area’s  recreation 
demand  in  terms  of  activity  days  for  various  recreation  categories. 

Some  definitions  of  terms  should  be  noted  before  getting  further  into  this 
section.  The  basic  measure  of  demand  or  utilization  is  the  "activity  day" 
which  means  one  person  participating  in  a  given  activity  on  one  day. 

Because  a  person  may  partake  in  more  than  one  activity  in  a  day  (both 
swimming  and  picnic,  for  example),  the  total  visitation  (annual)  or  visitor 
days  at  a  park  will  be  less  than  the  sum  of  the  activity  days. 

By  contrast  the  standard  supply  terms  are  "design  load"  (or  "instant 
capacity")  which  describes  the  number  of  people  a  facility  or  group  of 
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facilities  can  acconmodate  at  any  one  time.  The  "daily  capacity"  is  deter¬ 
mined  by  multiplying  the  Instant  capacity  by  a  turnover  factor;  and 
conversely  the  design  load  can  be  determined  by  dividing  some  predeter¬ 
mined  "design  day"  (visitors  on  the  peak  day,  or  average  Sunday,  or  flfth- 
highest  day  or  whatever)  by  a  turnover  factor. 

IV.C.l.  PAST  RECREATION  DEMAND  ESTIMATES  FOR  TOCKS  ISLAND  LAKE 

Throughout  the  history  of  the  planning  for  the  Tocks  Island  Lake  Project 
and  the  associated  Delaware  Water  Gap  National  Recreation  Area  there  have 
been  many  reevaluations  and  adjustments  made  to  the  details  of  the  recrea¬ 
tion  component,  particularly  in  the  design  capacity  of  recreation  facili¬ 
ties  and  the  projected  visitation  to  the  area.  In  order  to  set  a  framework 
for  the  development  of  demand  estimates  called  for  in  this  present  study, 
a  brief  review  of  the  past  efforts  and  the  assumptions  Inherent  in  them 
is  necessary. 

The  basic  recreation  demand  methodology  and  the  first  estimates  of  visita¬ 
tion  were  developed  in  House  Document  #522  which  set  forth  the  total  pro¬ 
ject  formulation.  This  document  contains  a  description  of  the  only  "demand" 
as  opposed  to  "capacity"  approach  to  visitation.  The  basic  assumption  in 
the  analysis  is  that  the  Tocks  Island  project  as  proposed  would  most  re¬ 
semble  a  state  park  in  its  recreation  component  and  it  therefore  used 
historical  trends  in  state  park  attendance  in  Pennsylvania,  New  Jersey  and 


New  York  as  a  indicator  of  demand.  A  factor  of  1.555  state  park  visits 
per  capita  in  1955  was  projected  to  2.235  in  1965  and  5.407  in  2010  based 
upon  the  then  recent  trends  in  visitation. 

This  forecast  has  proven  to  be  generally  accurate  as  shown  in  the  table 
below  for  1973. 


Table  4-20  Total  State  Park  Visitations  Per  Capita  1973 


New  York 
New  Jersey 
Pennsylvania 

Total 


Population 

18,265,000 

7,361,000 

11.902,000 

37,528,000 


State  Park 
Visitation 

46,907,000 

3,519,088 

30.109,619 

80,535,707 


Park  Visits 
Per  Capita 

2.57 

0.48 

2.53 

2.15 


Source:  Various  state  departments. 


Total  demand  within  the  then  defined  service  area  was  calculated  by  multi¬ 
plying  these  ratios  by  projected  population.  This  total  visitation  was 
then  converted  to  day  design  load  (or  "instant  capacity"  of  recreation 
facilities)  based  on  a  formula  which  has  been  consistently  used,  in  its 
components  if  not  specific  numbers,  throughout  the  years.  This  formula  is: 

_  .  ,  ,  Annual  Visitation  x  .80  x  .60 

Design  Load  =  - 3 - 

in  which  the  .80  represents  the  share  of  annual  visitation  which  occurs 
during  the  normal  season,  14  is  the  number  of  weeks  in  the  normal  season, 
.60  is  the  share  of  the  weekly  attendance  occurring  on  a  Sunday  (conceded 
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to  be  the  peak  day  for  nost  activities),  and  1.5  is  the  turnover  of  facili¬ 
ties  on  the  average  Sunday. 

Using  this  formula  and  adding  a  factor  for  estimated  overuse  of  existing 
facilities  at  the  time,  the  study  forecast  a  design  load  need  for  about 
750,000  visitors  in  1965  and  over  2,800,000  in  2010  as  the  potential  market 
for  recreation  at  Tocks  Island  Lake.  This  "effective  market"  was  factored 
out  of  the  total  service  area  needs  by  adjusting  for  distance  from  Tocks 
Island.  It  Included  100  percent  of  the  needs  within  a  25-mile  radius  of 
the  site  and  used  variable  percentages  down  to  42  percent  of  the  need  in 
the  population  band  between  75  and  100  miles  from  the  site.  Other  docu¬ 
ments  reinterpreted  these  figures  as  indicating  a  potential  market  of 
15,000,000  visitors  annually  in  1955  and  25,000,000  annual  visits  in  1975. 

Clearly  the  design  of  recreation  facilities  at  Tocks  Island  Lake  could  not 
accommodate  this  number  of  visitors  (nor  could  any  one  facility  capture 
100  percent  of  its  potential  market,  a  point  never  discussed  in  the  analy¬ 
sis);  so  from  this  point  on  demand  or  needs  have  been  essentially  ignored 
and  the  design  load  has  been  placed  in  the  above  equation  to  determine  a 
projected  visitation  level. 

Appendix  W  of  House  Document  //522  projected  a  total  annual  attendance  of 
6,750,000  visitors  to  facilities  with  a  design  load  of  154,300  persons  at 
any  point  in  time. 
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The  document  later  made  wi  adjustment  for  "sightseers”  as  opposed  to  people 
actually  using  the  recreation  facilities.  It  assumed  that  20  percent  of 
the  visitors  would  only  be  driving  through  and  consequently  settled  on  a 
design  load  of  123,500  persons. 

The  next  projection  of  visitation  was  developed  by  Robert  R.  Nathan 
Associates  in  their  1966  study  for  the  National  Park  Service,  Potential 
Impact  of  the  Delaware  Water  Gap  National  Recreation  Area  on  its 
Surrounding  Conmunities.  This  report  developed  a  visitation  estimate  of 
10,500,000  annual  visitors  which  has  since  become,  until  recently,  the  most 
widely  quoted  figure  for  visitation  at  DWGNRA.  Actually,  this  was  a  middle 
figure  among  a  range  of  forecasts  Nathan  developed.  It  is  based  on  a  de¬ 
sign  load  of  123,500  visitors  at  any  point  in  time  applied  to  the  formula 
described  above  except  that  the  Sunday  visitation  was  decreased  from  60  per¬ 
cent  to  29  percent  of  the  weekly  visitation  and  turnover  was  reduced  to 
1.13.  The  changed  Sunday  figure  was  based  on  some  comparable  experience 
in  nearby  parks  and  the  turnover  was  reduced  to  reflect  the  increased  dis¬ 
tance  (and  presumed  longer  stay)  at  DVHINRA.  The  8,400,000  annual  visitors 
determined  by  the  formula  was  then  increased  by  25  percent  to  account  for 
sightseers. 


The  next  milestone  in  recreation  planning  for  the  project  occurred  in  the 
February  1968  publication  by  the  Corps  of  General  Design  Memorandum 
Supplement  #1  of  the  project.  Appendix  E  notes  the  discrepancies  between 
the  two  previous  documents  and  uses  slightly  adjusted  factors  in  the  formula 


toi  develop  an  estimate  of  9, 568, 600  annual  visitors' of  which  20  percent 
would  be  sightseers  and  another  68  percent  would  be  In  the  water-related 
activities.  This  figure  Is  the  ''official”  figure  which  has  been  used  In 
the  Corps  benefit-cost  analysis  and  Is  based  on  a  design  load  of  112,000 
visitors  at  one  time.  This  document  also  forecasts  an  Increase  In  visita¬ 
tion  to  over  16,000,000  anually  by  2010  but  did  not  discuss  Increased 
design  load  and  did  not  use  the  increased  visitation  in  the  benefit-cost 
analysis . 

The  next  document  discussing  recreation  design  was  the  May  1971  draft 
Master  Plan  for  the  Delaware  Gap  National  Recreation  Area  developed  by  the 
National  Park  Service.  This  document  noted  the  previous  forecasts  but  did 
not  contain  any  detailed  design  criteria  and  was  apparently  addressing  the 
previous  design  load  of  112,000. 

In  response  to  concern  about  the  potential  Impact  of  the  forecast  number 
of  visitors,  the  Delaware  River  Basin  Comnission  adopted  Resolution  73-6 
In  1973  which  amended  the  Comprehensive  Plan  to  permit  recreation  and 
facilities  designed  to  accommodate  no  more  than  4,000,000  visitors  per  year 
Clark  &  Rapuano  are  currently  preparing  a  revised  plan  for  the  DUGNRA  with 
a  design  load  of  41,700  In  the  first  phase.  This  is  designed  to  produce 
4,000,000  visitors  per  year  using  the  same  basic  formula  above  with  20  per¬ 
cent  of  the  total  visitation  as  sightseers,  26.2  percent  of  the  weekly 
visitation  on  a  Sunday  and  a  turnover  of  1.15.  The  plan  under  preparation 
also  details  a  second  and  third  phase  which  would  bring  the  ultimate 
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capacity  to  a  110,500  design  load  and  10,600,000  total  annual  visitations 
although  It  should  be  noted  that  additional  authorizations  and  amendments 
to  the  DRBC  Comprehensive  Plan,  tdtlch  In  turn  require  public  hearings,  will 
be  necessary  to  develop  OUGNRA  beyond  the  proposed  Phase  I. 

This  summary  of  the  development  of  recreation  forecasts  for  the  project 
indicates  several  major  points.  First,  there  has  been  no  analysis  of 
recreation  demand  or  needs  in  the  region  since  the  original  studies  pre¬ 
ceding  House  Document  //522.  Second,  all  of  these  analyses  used  a  stock 
formula  which  applied  to  total  visitation  and  design  load  for  the  project 
without  any  consideration  for  different  activities  or  different  mixes  of 
activities  that  might  occur  and  would  certainly  affect  the  ratios  used  in 
the  equation.  Finally,  the  question  of  the  design  load  Itself  is  never 
addressed  and  the  persons  per  picnic  table  or  acre  of  water  or  whatever 
often  reflects  more  of  a  desired  standard  than  a  real  capacity  limit.  The 
question  of  the  design  standards  is  addressed  elsewhere  in  this  chapter 
but  the  remainder  of  this  section  deals  with  the  consultant's  relook  at 
recreation  demand  and  the  need  for  additional  facilities  in  the  recreation 
service  area. 


IV. C. 2.  AN  APPROACH  TO  RECREATION  DEMAND  FORECASTING 

This  portion  of  the  chapter  describes  the  approach  the  consultants  have 
taken  in  forecasting  recreation  demand  in  the  locks  Island  Lake  recreation 
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service  area  previously  described.  Included  In  this  section  are  a  discus¬ 
sion  of  the  empirical  base  for  demand  forecasting  as  generally  used  and  as 
used  In  this  study,  various  adjustments  that  have  been  made  to  the  raw 
data  to  reflect  conditions  In  the  service  area  and  an  outline  of  the 
methodology  and  assumptions  used  in  this  study. 

IV.C.2(a)  Empirical  Base 

In  recent  years  there  have  been  three  major  studies  of  the  national  recrea¬ 
tion  market  conducted  by  the  Federal  Government:  one  In  1960  conducted  for 
the  Outdoor  Recreation  Resources  Review  Commission  (a  predecessor  agency 
to  the  Bureau  of  Outdoor  Recreation);  one  in  1965  conducted  for  the  Bureau 
of  Outdoor  Recreation;  and,  the  most  recent,  in  1972  also  conducted  for  the 
Bureau  of  Outdoor  Recreation.  While  these  surveys  differed  somewhat  in 
their  definition  of  categories  and  approach  to  questioning  they  are 
essentially  comparable  although  the  1972  National  Recreation  Survey  was 
limited  to  activities  in  the  summer  quarter  (June,  July  and  August)  while 
the  ot.jer  surveys  covered  different  periods  of  time.  These  surveys  all 
covered  a  full  range  of  demographic  and  geographic  factors  and  tabulated 
results  for  regional  areas  of  the  country.  The  1960  and  1965  surveys  have 
provided  the  basis  for  much  of  the  recreation  planning  which  has  been  done 
in  various  states  and  regions  since  that  time.  The  1972  survey  is  too  new 
to  have  been  utilized  to  any  great  extent. 

Beyond  these  national  studies,  many  local  and  state  recreation  programs 
have  made  use  of  surveys  conducted  in  the  locality  or  specific  "case  study" 
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surveys  of  facilities  already  in  place.  Some  of  the  most  extensive  recrea¬ 
tion  analysis  and  planning  being  done  today  is  by  the  various  states  in  the 
development  of  their  Statewide  Comprehensive  Outdoor  Recreation  Plans 
(SCORP)  required  by  the  Bureau  of  Outdoor  Recreation  for  participation  in 
the  federal  Land  and  Water  Conservation  Fund  Program.  Most  relevant  to  the 
demand  in  the  locks  Island  Lake  recreation  service  area  are  the  demand 
studies  done  by  New  York,  New  Jersey  and  Pennsylvania.  The  demand  figures 
in  New  York's  SCORP  are  derived  from  a  number  of  sources  but  rely  most 
heavily  on  two  surveys,  one  conducted  in  Onondaga  County  in  the  winter  of 
1968  and  one  conducted  on  Long  Island  in  the  summer  of  1968.  New  Jersey's 
SCOPP  demand  projections  were  factored  from  the  1960  National  Recreation 
Survey  based  on  regional  summaries  and  state  demographic  characteristics. 
Pennsylvania's  1971  SCORI’  (a  new  one  is  now  in  preparation)  also  relied  on 
demographic-based  adjustments  to  the  regional  data  of  the  1960  NRS.  It  is 
obvious  that  the  underlying  demand  studies  are  somewhat  dated  and  are 
either  of  a  too  limited  an  area  or  too  broad  an  area  to  apply  directly  to 
the  locks  Island  Lake  recreation  service  area.  The  consultants  are  fortu¬ 
nate,  however,  in  being  able  to  utilize  a  yet-to-be-published  survey  con¬ 
ducted  in  the  summer  of  1974  by  Ide  Associates,  Inc.  of  Philadelphia  for 
the  Commonwealth  of  Pennsylvania  in  the  update  of  their  SCORP. 

This  survey  was  conducted  by  telephoning  approximately  3,000  households  in 
Pennsylvania  (compared  to  4,029  households  in  the  whole  country  covered  in 
the  1972  NRS.)  The  recreation  participation  in  19  outdoor-oriented  activi¬ 
ties  was  obtained  from  a  randomly  selected  individual  five  years  of  age  or 


IV-90 


or  older  in  each  household.  Interviewers  worked  from  a  computer-prepared 
listing  of  telephone  numbers  each  of  which  had  an  associated  random  number 
table  which  designated  a  particular  person  in  an  age-ordered  listing  of 
household  members  obtained  at  the  start  of  the  interview.  If  the  desig¬ 
nated  individual  was  ten  years  of  age  or  older  that  individual  was  inter¬ 
viewed  on  his  or  her  recreation  participation.  If  the  individual  was  from 
five  to  nine  years  old,  an  adult  member  of  the  household,  generally  the 
parent,  was  interviewed  about  that  person's  participation.  In  addition, 
a  household  head  was  interviewed  to  obtain  attitudes  on  recreation  and  the 
socioeconomic  characteristics  of  the  household. 

The  broad  coverage  of  the  Ide  Associates  survey  and  the  wording  and  the 
order  of  the  questions  resulted  in  some  substantial  differences  between  its 
results  and  those  of  the  1972  National  Recreation  Survey;  most  significantly, 
the  Ide  Associates  survey  indicated  a  greater  participation  in  terms  of 
total  activity  days  in  Vnost  of  the  recreation  categories.  The  differences 
are  partly  accounted  for  by  the  fact  that  the  Ide  Associates  survey  covered 
the  whole  year  and  covered  all  persons  five  years  of  age  and  over  whereas 
the  1972  NRS  covered  the  summer  months  only  and  was  limited  to  persons  12 
years  and  over.  The  principal  reason  for  the  differences,  however,  is  that 
the  1972  NRS  (and  the  1960  and  1965  surveys  before  it)  focused  on  vacations, 
trips  and  outings  whereas  the  Ide  Associates  study  focused  on  the  activity 
itself  and  total  participation  over  the  year.  Not  unexpectedly,  the  great¬ 
est  differences  in  participation  rates  between  the  two  surveys  are  for 
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such  activities  as  bicycling,  svlaanlng  and  outdoor  games  and  sports  which 
are  most  frequently  engaged  In  near  the  home.  Correspondingly  there  Is  in 
the  Ide  Associates  survey  a  more  rapid  falloff  in  the  curve  which  describes 
the  percent  of  activity  days  which  are  engaged  in  at  varying  distances  from 
the  home. 

For  example,  when  the  data  from  the  Ide  Associates  survey  is  factored  to 
exclude  activities  undertaken  within  15  minutes  of  the  respondent's  home, 
the  results  are  very  similar  to  other  surveys  and  standards  used  in  recrea¬ 
tion  planning.  The  table  below  shows  activity  days  per  capita  in  the  major 
recreation  categories  most  relevant  to  planning  DWGNRA. 


Table  4-  21  Activity  Days  Per  Capita  for  Seven 
Major  Recreation  Categories 


Associates— 

SCS 

1972 

Guidelines 

NRS 

Swimming 

8.78 

8.5 

6.30 

Picnicking 

4.64 

4.4 

2.77 

Boating 

2.00 

1.8 

1.53 

Fishing 

3.15 

2.4 

1.30 

Hunting 

1,16 

n.a. 

.11 

Hiking 

3.77 

1.6 

1.30 

Camping 

2.59 

.6 

1.48 

W  Activity 

days  more  than 

15  minutes  from 

home . 

Source:  Ide 

Associates,  Inc 

.  survey  of  Pennsylvania 

resident 

197A;  Soil  Conservation  Service  planning  guidelines 
based  largely  on  Northeast  Region  results  of  1965  NRS; 
and  calculated  from  1972  NRS  data. 
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The  differences  in  the  participations  shown  in  the  1972  NRS  and  the  other 
two  can  be  accounted  for  largely  by  the  fact  that  it  covered  only  the  sumner 
months;  for  example,  the  closest  correlations  are  in  boating  and  swimming 
while  hiking  and  picnicking  show  extended  seasons  and  hunting,  of  course, 
is  not  "in  season"  during  the  sunmer. 

Another  important  advantage  of  the  Ide  Associates  survey  is  that  it  was 
undertaken  in  1974,  a  year  in  which  recreation  and  travel  patterns  reflect¬ 
ed  a  greater  public  concern  for  the  cost  and  availability  of  gasoline. 
Attendance  at  State  Parks,  for  example,  was  down  three  percent  between  1973 
and  1974  in  both  Pennsylvania  and  New  Jersey.  By  utilizing  base  year  demand 
figures  in  this  study  which  reflect  the  Impact  of  the  energy  crisis,  a  more 
realistic  picture  of  future  demand  is  obtained. 

IV.  C.2(b)  Adjustments  to  the  Base  Data 

The  consultant,  working  in  close  association  with  Ide  Associates,  developed 
methods  for  adjusting  the  base  survey  data  to  make  it  applicable  to  the 
recreation  service  area  of  Tocks  Island  Lake.  Two  separate  types  of  ad¬ 
justments  were  made,  one  based  on  demographic  characteristics  and  a  second 
based  on  recreation  supply  available  to  residents  of  a  particular  county. 

The  principal  Intent  of  these  adjustments  was  to  make  the  findings  of  the 
Pennsylvania  survey  applicable  to  residents  of  other  states  in  the  recrea¬ 
tion  service  area.  While  it  is  clearly  inappropriate  to  use  overall  partici 
pation  rates  in  a  given  activity  per  household  or  per  capita  uniformly  for 
each  county  within  the  service  area  it  is  not  inconsistent  to  assume  that 
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the  persons  In  different  areas  who  are  of  the  same  age,  have  the  same  in¬ 
come,  do  or  do  not  have  access  to  a  car  and  have  similar  recreation  oppor¬ 
tunities  available  to  them  will  behave  In  a  similar  manner. 

Therefore,  the  results  of  the  Ide  Associates  survey  In  Pennsylvania  were 
used  to  calculate,  for  each  activity,  separate  participation  rates  In 
several  demographic  categories  which  were  then  applied  to  the  actual  and 
forecast  demographic  characteristics  In  all  of  the  counties  in  the  service 
area  to  determine  a  demographic-expected  participation  rate.  Demographic 
characteristics  Included  the  whlte/nonwhlte  spilt,  car  ownership,  age 
(seven  categories)  and  Income  (six  categories).  These  same  participation 
ratios  were  applied  to  future  populations  and  their  associated  demographic 
characteristics  in  the  forecasts  so  that  forecast  participation  rates  in 
fact  reflect  changes  in  the  age  and  Income  structure  of  each  county. 

Demographic  characteristics  selected  for  this  analysis  were  chosen  based  on 
their  Influence  on  the  recreation  participation  and  limited  by  the  need  to 
tie  in  with  characteristics  determined  in  the  Pennsylvania  survey.  For 
example,  the  male-female  distribution  of  population  does  not  influence  the 
overall  participation  rate  of  a  county  because  of  the  narrow  range  of 
variation  in  this  measure  from  one  county  to  the  next  —  even  though  the 
recreation  activities  of  males  and  females  are  quite  different.  The  degree 
of  urbanization  of  a  county  would  seem  to  be  an  Important  influence  on 
recreation  participation  but  it  was  not  possible  to  tie  this  measure  into 
the  existing  data  base;  it  is  felt  that  the  vast  differences  in  participation 
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between  white  and  nonwhite  persons  and  those  who  have  and  do  not  have 
access  to  a  car  (two  measures  which  were  used)  will  adequately  weight  the 
urban  participation  rates.  Notwithstanding  such  qualifications,  the  con¬ 
sultants  feel  the  Ide  Associates  survey  Is  the  most  up-to-date,  comprehen¬ 
sive  and  accurate  survey  available  for  use  at  this  time. 

The  other  Important  adjustment  concerns  the  supply  of  recreation  facilities 
available  to  an  Individual  as  this  certainly  Influences  his  rate  of  actual 
participation  in  various  recreation  activities.  It  Is  a  consistent  theme 
of  academic  literature  discussing  recreation  demand  that  any  survey  based 
on  actual  use  of  existing  recreation  facilities  cannot  adequately  describe 
the  pure  demand  In  economists'  terms;  and  any  forecasts  developed  from 
these  rates  are  In  fact  forecasts  of  consumption  with  an  Implied  assumption 
that  future  supply  opportunities  will  be  about  the  same  as  they  are  now. 
While  this  may  be  a  problem  for  some  specific  activities  (such  as  skiing) 
which  are  highly  facility-oriented.  It  may  be  an  overstated  concern  over 
the  long  run  since  the  broad  outdoor  recreation  patterns  of  a  region  are 
determined  by  Its  terrain  and  climate  and  geologic  features  (aside  from 
demographic  characteristics).  While  It  Is  true  that  no  facility  directly 
comparable  to  the  locks  Island  Lake  Project  exists  today,  there  are  anq>le 
mountain  lakes,  hiking  trails,  campgrounds  and  the  like  In  the  surveyed 
area.  It  Is  Important,  however,  to  recognise  supply  differentials  among 
the  various  portions  of  the  recreation  service  area  In  developing  the  basic 
and  forecast  participation  rates  In  the  various  activities.  To  address 
this  Issue  the  consultants  have  utilized  a  method  developed  by 
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Ide  Associates,  Inc.  for  use  in  Pennsylvania  SCORP  now  In  preparation 
which  can  be  briefly  described  as  follows.  First,  the  supply  Inventory 
(described  In  Part  IV. B.  above)  was  organized  to  present  for  each  of  seven 
major  recreation  categories  a  relative  measure  of  the  supply  present  In 
each  county.  This  measure  was  then  divided  by  each  county's  share  of  the 
total  population  in  the  service  area  to  determine  a  "supply  accessibility 
Index"  —  an  Index  of  greater  than  one  Indicated  a  county  had  a  greater 
share  of  the  recreation  supply  than  the  population.  Indicating  a  relative 
capacity  to  serve  neighboring  counties.  (This,  or  course,  does  not 
address  the  question  of  overall  adequacy  of  supply,  nor  is  that  the  Intent 
of  this  step.)  The  supply  accessibility  Indexes  surrounding  each  of  the 
counties  In  the  service  area  (taken  one  at  a  time)  in  time  bands  of 
30-minute  Intervals  ranging  up  to  two  and  one-half  hours  away  are  compared 
through  a  regression  analysis  to  the  ratio  between  the  actual  participa¬ 
tion  rates  In  the  county  (as  determined  by  the  Ide  Associates  survey)  and 
the  demographic-expected  participation  rates  as  calibrated  from  the  overall 
survey  results.  This  then  produced  an  equation  which  allowed  the  present 
and  forecast  participation  rates  to  be  adjusted  to  reflect  various  assump¬ 
tions  regarding  future  supply. 

The  complete  set  of  printouts  of  the  analysis  are  In  the  project  files. 

The  appendix  to  this  chapter  contains  the  more  pertinent  output  cables 
of  this  analysis  and  are  referenced  within  the  text  of  this  chapter. 
Although  the  analysis  was  done  on  a  county-by-county  basis,  the  summary 
Cables  presented  In  Che  text  of  this  chapter  are  presented  for  states,  the 
recreation  service  area  or.  In  some  cases,  important  county  aggregations. 


The  appendix  tables  and  their  content  are  briefly  described  below. 

Tables  A.A.l  and  4. A. 2  display  the  estlnated  1974  demographic  characteristics 
for  the  counties  within  the  recreation  service  area.  The  characteristics  In¬ 
clude  total  population,  age  distribution,  white  and  nonwhite  distribution, 
household  Income  distribution  and  distribution  among  those  in  households 
with  and  without  an  automobile.  Because  of  the  nature  of  the  survey  and 
computer  program,  the  distributions  shown  in  these  tables  are  of  population 
aged  five  and  over. 

Tables  4. A. 3  and  4. A. 4  show  the  forecast  of  these  characteristics  by  ten-year 
intervals  through  2025  for  the  portions  of  Pennsylvania,  New  Jersey,  New  York, 
Connecticut  and  Delaware  which  lie  within  the  recreation  service  area.  The 
main  tables  correspond  to  the  medium  growth  level  described  in  Chapter  1 
and  the  a  and  b  portions  of  the  tables  present  data  for  the  low  and  high 
growth  forecast,  respectively.  Though  not  shown  in  the  appendix,  these 
forecast  were  developed  on  a  county-by-county  basis  and  it  is  these  demo¬ 
graphic  factors  to  which  specific  participation  rates  were  applied. 

Tables  4. A. 5  and  4. A. 6  show  the  demographic-specific  participation  rates 
determined  by  the  Ide  Associates  Survey.  Each  demographic-specific  rate  shown  in 
these  tables  was  applied  to  the  forecast  county  demographic  characteristics  and  a 
regression  analysis  was  used  to  weight  the  resulting  participation  measures 
for  each  recreation  activity  in  each  county  to  derive  an  overall  rate. 


Table  4. A. 7  dlaplays  the  results  of  this  ferscast  procadurs  In  tans  of  tbs 
total  participants  and  total  activity  days  In  each  activity  and  each  county 
for  the  forecast  years.  Again,  the  a  and  b  portions  of  the  table  corres¬ 
ponds  to  the  low  and  high  growth  asstsaptlons  described  In  Chapter  I.  It 
should  be  noted  that  this  Is  participation  In  recreation  activities  by 
residents  of  the  specified  county  without  regard  to  where  that  participa¬ 
tion  takes  place. 

Table  4. A. 8  displays  the  "supply  accessibility  indices"  for  each  of  the 
counties  in  the  recreation  service  area  for  each  of  seven  major  activities. 
The  index  shown  for  the  30-minute  bracket,  for  example.  Is  the  percent  of 
the  service  area's  supply  divided  by  the  percent  of  the  service  area's 
population  which  exist  In  the  group  of  counties  lying  within  30  minutes  of 
the  specified  county;  the  Index  shown  for  the  60-mlnute  category  Is  a 
similar  measure  for  the  band  of  counties  lying  between  30  and  60  minutes; 
and  so  on  to  the  150-minute  Index  which  represents  the  supply  to  population 
ratio  In  the  group  of  counties  lying  between  120  and  150  minutes  from  the 
specified  county.  A  low  factor  In  this  table  In  the  closer  time  bands 
Indicates  a  relative  need  for  new  facilities  as  described  above. 

Table  4, A, 9  shows  for  each  of  12  recreation  categories  the  percent  of  the 
annual  activity  days  which  occur  greater  than  a  specified  distance  (ex¬ 
pressed  in  minutes)  from  the  person's  residence.  This  Is  the  "travel  time 
decay"  function  which  Is  referred  to  elsewhere  in  this  chapter.  By  apply¬ 
ing  the  appropriate  percentage  factor  to  total  demand  In  each  county  In  the 
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recreation  service  area,  the  activity  days  which  are  a  part  of  the  poten¬ 
tial  "market"  for  DWGMRA  can  be  calculated. 

Table  4. A. 10  shows  the  result  of  this  calculation.  The  activity  days  shown 
In  this  table  are  those  generated  by  residents  of  each  county  which  would 
take  place  at  a  distance  at  least  as  great  as  DWGNRA  Is  from  that  county. 

As  such,  this  number  represents  the  total  potential  market  for  which 
DWGNRA  must  compete  —  but  must  compete  only  with  other  facilities  at  the 
same  or  greater  distance.  In  other  words,  the  great  bulk  of  the  activity 
which  takes  place  near  the  home  or  at  facilities  closer  than  DWGNRA  Is 
eliminated  leaving  a  realistic  assessment  of  the  demand  for  facilities  at 
DWGNRA. 

The  actual  forecast  niimbers  developed  through  this  analysis  are  discussed 
In  IV. C. 5.  following  a  discussion  of  demographic  differences  In  recreation 
participation  and  some  reasonably  comparable  facilities  In  the  region. 

IV. C. 3.  CHARACTERISTICS  OF  PARTICIPANTS  IN  OUTDOOR  RECREATION 

This  part  describes  variables  In  the  demographic  characteristics  of  par¬ 
ticipants  In  various  outdoor  recreation  activities.  The  tables  below  are 
national  data  for  the  summer  of  1972  as  determined  by  the  Bureau  of  Outdoor 


Recreation  In  the  1972  National  Recreation  Survey  described  earlier.  The 
consultant  has  calculated  the  activity  days  per  capita  for  various  charac¬ 
teristics  using  data  published  by  BOR;  but  these  figures  themselves  have 
not  been  published  before.  These  results  also  have  been  compared  to  the 
results  of  the  Ide  Associates,  Inc.  1974  survey  of  Pennsylvania  residents 
and  there  is  a  striking  similarity  in  the  results  —  not  In  the  nuiid)er  of 
activity  days  (as  previously  discussed)  but  in  the  relative  participation 
among  different  population  groups. 

IV.C.3.(a)  Sex 

Between  men  and  women  there  are  no  real  surprises  as  to  participation  among 
the  various  activities.  For  the  more  family-oriented  activities  —  swimming, 
picnicking,  hiking,  camping  and  to  some  extent  boating  —  there  is  no  sizeable 
difference  between  male  and  female  participation  rates.  However,  the  tra¬ 
ditional  male  pursuits  of  hunting  and  fishing  show  substantially  higher 
activity  by  men  —  ten  times  nwre  for  hunting  and  over  two  and  one-half 
times  as  much  for  fishing.  The  table  below  shows  activity  days  per  capita 
for  men  and  women  for  all  seven  of  the  major  activity  categories. 


Table  4-  22  Activity  Days  Per  Capita  by  Sex 


Male  Female 


Swlmnlng 

4.5 

5.1 

Picnicking 

2.4 

2.7 

Boating 

1.8 

1.2 

Fishing 

2.6 

1.0 

Hunting 

.2 

.02 

Hiking 

4.2 

4.4 

Camping 

1.5 

1.2 
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The  table  below  shows  activity  days  per  capita  among  the  major  categories 
for  four  age  groups.  All  activities  exhibit  an  expected  decline  In  partici¬ 
pation  rates  as  the  population  ages  —  except  for  momentary  increases 
In  picnicking  and  fishing  In  the  move  from  the  under  24  age  group  to  the 
25-44  category.  As  also  anticipated,  the  more  strenuous  activities  such  as 
swimming,  hiking,  camping  and  hunting  showed  the  greatest  decline  as 
participants  age.  Picnicking  and  fishing  exhibited  the  most  consistent 
participation  rates  among  all  age  groups. 


Table  4-23  Activity  Days  Per  Capita  by  Age 


Under  24 

25-44 

45-64 

65  and  Over 

Swlmnlng 

10.1 

4.8 

2.0 

.5 

Picnicking 

2.7 

3.5 

1.9 

1.2 

Boating 

2.1 

1.7 

1.1 

.3 

Fishing 

1.9 

2.1 

1.5 

1.2 

Hunting 

.2 

.11 

.09 

.05 

Hiking 

2.1 

1.1 

.8 

.3 

Camping 

2.0 

1.7 

.9 

.3 

IV.C.3.(c)  Education 

Activity  participation  rates  among  those  with  some  college  background  and 
those  with  a  high  school  degree  or  less  differ  substantially  for  several 
activities.  The  college  group  participates  in  boating  and  hiking  at  more 
than  twice  the  rate  of  the  noncollege  group.  Meanwhile,  the  noncollege 
group  participates  In  hunting  at  five  times  the  rate  for  the  college  group. 
The  table  below  shows  activity  days  per  capita  for  college  and  noncollege 
participants  among  the  seven  categories. 


Table  4-  24  Activity  Days  Per  Capita  by  Education  Level 


College 

Noncollege 

Swimming 

6.9 

3.8 

Picnicking 

3.3 

2.4 

Boating 

2.6 

1.0 

Fishing 

1.2 

1.8 

Hunting 

.02 

.1 

Hiking 

2.2 

1.0 

Camping 

1.9 

1.6 

IV.C.3.(d)  Race 

Activity  participation  rates  among  whites  and  nonwhites  vary  markedly  in  most 
of  the  categories.  The  table  below  shows  activity  days  per  capita  for  whites 
and  nonwhites  for  all  seven  major  categories.  Gaps  between  participation 
rates  by  whites  and  nonwhites  are  greatest  for  boating  (whites  ten  times 
more  frequent),  camping  (whites  eight  times  more  frequent)  and  hunting 
(whites  four  times  more  frequent) .  Nonwhite  participation  rates  for  fishing 
and  picnicking  are  closest  to  those  for  whites. 


Table  4-  25  Activity  Days  Per  Capita  by  Race 


White  Nonwhite 


Swimming 

5.2 

2.0 

Picnicking 

2.7 

1.7 

Boating 

1.7 

.17 

Fishing 

1.9 

.9 

Hunting 

.12 

.03 

Hiking 

1.4 

.5 

Camping 

1.6 

.2 
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IV.C.3.(e)  Income 

The  table  below  shows  activity  days  per  capita  for  tvc  income  categories. 


Table  4-  26  Activity  Days  Per  Capita  by  Family  Income 


Under  $6,000 

$6,000  and 

Swimming 

2.8 

5.6 

Picnicking 

1.6 

2.9 

Boating 

.6 

2.8 

Fishing 

1.6 

1.9 

Hunting 

.06 

.13 

Hiking 

.8 

1.6 

Camping 

.6 

1.7 

Boating  and  camping  are  the  only  two  activities  with  substantially  higher 
participation  rates  among  those  with  higher  Incomes  —  four  times  more 
frequent  for  boating  and  almost  three  times  as  much  for  camping.  For  all 
but  one  (fishing)  of  the  remaining  five  activities,  participation  by  lower 
Income  people  is  about  one-half  that  of  higher  income  people.  Income 
appears  to  make  little  difference  in  participation  rates  for  fishing. 

IV.C.3.(f)  Car  Ownership 

One  of  the  most  limiting  factors  in  recreation  participation  seems  to  be 
access  to  automobile,  and  these  differences  are  undoubtedly  responsible 
for  much  of  the  variation  in  the  race  and  income  participation  rates  dis¬ 
cussed  above.  The  tabij  T elow,  taken  from  the  1974  Pennsylvania  survey 
(comparable  data  is  not  available  from  the  1972  MRS)  shows  the  activity  day 
per  capita  for  persons  who  are  in  households  which  have  one  or  more  cars 
and  those  who  are  not. 
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Car 


No  Car 


Swimming 

21.6 

7.0 

Picnicking 

7.6 

4.7 

Boating 

2.7 

.52 

Fishing 

4.9 

1.5 

Hunting 

2.4 

.01 

Hiking 

7.6 

4.7 

Camping 

3.0 

.29 

IV. C. 4.  CASE  STUDIES  OF  COMPARABLE  PROJECTS 


Recognizing  that  no  other  recreation  area  is  identical  to  the  proposed 
Tocks  Island  Project,  the  study  of  comparable  recreation  areas  can  neverthe¬ 
less  provide  insight  necessary  to  project  future  levels  of  utilization, 
visitor  origins,  optimum  design  levels  and  the  like.  Because  of  the  differ¬ 
ences  such  as  location,  size,  and  activities  offered,  value  judgments  must 
be  made  to  adjust  for  these  differences  and  these  value  judgments  are  al¬ 
most  aways  going  to  be  subjective.  With  these  inherent  limitations  and 
weaknesses  notwithstanding,  this  methodology  offers  a  partial  tool  for 
analysis. 

Four  sites  were  chosen  for  comparative  analysis,  each  for  a  different  rea¬ 
son,  and  two  are  within  the  recreation  service  area  and  two  are  not.  Even 
those  two  outside  the  service  area  are  at  approximately  the  same  latitude 
and  have  comparable  "seasons"  for  various  activities.  These  two,  Pymatuning 
Reservoir  in  western  Pennsylvania  and  the  Allegheny  Reservoir  (Kinzua  Dam) 


In  central  Pennsylvania  were  chosen  primarily  for  their  size  and  activity 
mix  —  the  water  acreage  at  each  exceeds  the  proposed  12,000  acres  at 
Tocks  Island.  Both  have  visitations  in  the  multimillions.  Beltzvllle  in 
nearby  Carbon  County,  was  chosen  because  it  is  a  new  major  facility  near 
the  impact  area  and  one  of  only  a  few  state  parks  in  Pennsylvania  at  which 
there  is  not  a  limit  on  boating  horsepower.  Bear  Mountain  and  Harrlman 
parks  in  the  Palisades  Interstate  Park  System  were  chosen  because  of  their 
role  as  a  major  day-trip  destination  within  the  New  York  urbanized  area  at 
a  distance  only  slightly  closer  than  DWGNRA  would  be. 

In  the  course  of  the  investigations  each  site  was  visited  in  order  to  gain 
a  reliable  firsthand  impression  of  the  area  and  its  facilities.  The  data 
collected  was  provided  by  the  appropriate  governing  body,  and  interviews 
with  park  officials  were  conducted  in  order  to  provide  the  necessary  back¬ 
ground  Information  and  understanding.  It  was  hoped  that  each  recreation 
area  would  be  able  to  provide  comparable  data  on  capacities,  utilization 
etc.;  however,  such  was  not  the  case  for  a  number  of  reasons.  Beltzvllle 
and  Pymatuning  were  the  most  alike  in  the  level  of  detail  and  breadth  of 
Information  because  they  both  operated  under  the  same  governmental  organi¬ 
zation,  the  Pennsylvania  State  Parks  system.  However,  even  these  parks 
varied  somewhat  in  their  visitor  origin  and  user  survey  data.  The  data  for 
Bear  Mountaln/Harrlman  and  Klnzua  was  lacking  in  detail  and  neither  could 
provide  dally  attendance  either  in  total  or  by  activity. 
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Beltzvllle  Is  a  Pennsylvania  State  Park  located  in  Carbon  County  about  25 
miles  southwest  of  Stroudsburg,  Pennsylvania.  The  park  contains  2,060 
acres  of  land  area  and  a  947-acre  lake  created  by  a  Corps  of  Engineers  dam. 
Beltzvllle  Is  one  of  the  newest  parks  In  the  state  and  opened  for  operation 
in  April  1972  and  Is  one  of  a  few  state  parks  to  allow  unlimited  horsepower 
motorboating.  Even  though  the  park  Is  designed  and  operated  for  day  use 
only.  It  has  enjoyed  a  substantial  increase  in  yearly  attendance.  Total 
visitor  days  In  1974  were  430,910,  up  from  404,776  in  1973  which  was  the 
first  full  year.  Beltzvllle  offers  a  wide  variety  of  year-round  outdoor 
recreation  activity  as  indicated  in  the  following  table. 


Table  4-  28  Activities  and  Available 
Facilities,  Beltzvllle  State  Park,  1975 


Activities  Facilities 


Picnicking 

400 

Tables 

Swlmnlng 

525 

Linear  Feet  of  Beach 

Fishing 

10 

Miles  of  Shoreline 

Boatlng/Waterskllng 

947 

Water  Acres 

Hiking 

6.5 

Trail  Miles 

Ice  Skating 

2 

Acres  (plowed) 

Nordic  Skllng/Snowshoeing 

2,060 

Acres 

Ice  Fishing 

947 

Acres 

Sledding/Tobogganing 

4 

Acres 

Hunting 

1,707 

Acres 

Snowmoblllng 

2,060 

Acres 

Source:  Pennsylvania  Department  of  Environmental  Resources* 


Planned  new  facilities  for  Beltzville  include  a  Corps  of  Engineer  proposal 
for  a  new  picnic  area  of  unknown  size  and  a  complete  camping  complex. 

From  the  daily  attendance  figures  it  is  possible  to  evaluate  the  utiliza¬ 
tion  of  the  park  and  its  facilities.  The  summer  season  runs  from  Memorial 
Day  to  Labor  Day  and  is  approximately  14.5  weeks  in  length.  On  the 
average,  75  percent  of  the  total  annual  visitation  occurs  during  that  time. 
This  has  fluctuated  from  a  low  of  60  percent  to  a  high  of  85  percent  in 
1973  and  1972,  respectively.  Approximately  30  percent  of  the  total  weekly 
visitations  occur  on  Sunday,  with  20  percent  occurring  on  Saturday,  and 
the  remaining  50  percent  occurring  during  the  weekdays.  The  annual  peak 
day  accounted  for  just  over  three  percent  of  the  annual  visits.  The 
fluctuation  in  the  percentage  of  summertime  visitors  and  the  fairly  high 
annual  peak  day  percentage  is  undoubtedly  due  to  visitor  unfamiliarity 
with  peak  full  times  for  Beltzville.  As  the  newness  of  the  park  wears  off 
and  people  become  more  aware  of  the  peak  times,  the  distribution  of  annual 
visitation  will  assume  a  more  normal  pattern.  This  trend  is  already 
beginning  to  emerge  and  can  be  seen  in  the  decline  in  the  number  of  people 
turned  away  as  indicated  in  the  following  table. 


Days  Gates 
Closed  Early 


Car 


Boat 


Turnaways  Turnaways 


1972  8 

1973  18 

1974  21 


2,300  114 

761  1,816 

500  1,010 
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utilization  and  turnover  of  facilities  varies  by  activity.  The  following 
table  depicts  the  utilization  of  four  of  the  most  popular  activities  in 
comparison  to  the  current  capacity  levels  of  the  park. 


Table  4-29  Activities,  Capacities  and  Utilization  of 
Selected  Activities  at  Beltzvllle  State  Park,  1972-1974 


Instant  Peak  Day  Utilization^^ 


Activity 

Capacity 

1972 

1973 

1974 

Picnicking 

2,000 

3,600 

2,200 

4,000 

Swimming 

2,100 

4,500 

4,700 

4,500 

Bank  fishing 

875 

1,000 

1,600 

3,000 

Boating 

2,700 

2,500 

2,000 

3,000 

\l  Activity  days. 

Source:  Pennsylvania  Department  of  Environmental  Resources 


As  might  be  expected,  the  turnover  on  picnicking,  swimming  and  fishing  is 
much  higher  than  for  boating,  due  to  the  nature  of  the  activity.  Boating 
has  a  definite  critical  threshold  of  capacity  and  a  positive  limit  of 
launching  facilities  which  causes  park  officials  to  turn  away  boats  when 
the  design  capacity  is  reached.  This  can  be  contrasted  to  the  excessive 
overuse  on  Pymatuning,  discussed  later,  where  there  is  no  such  restriction. 

An  indirect  constraint  to  utilization  is  of  course  parking.  Beltzvllle 
provides  parking  spaces  for  900  cars  and  an  additional  175  boat  trailers, 
which  translate  to  an  Instant  capacity  of  3,200  people  based  on  a  ratio  of 
3.55  people  per  car.  This  is  certainly  not  a  rigid  constraint  in  that  cars 
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can  be  and  are  parked  along  roadsides  and  In  meadows,  but  parking  can  be  a 
constraining  factor  on  a  typical  summer  Sunday. 


According  to  two  different  surveys  taken  in  July  of  1973,  the  following 
was  the  resultant  distribution  of  visitor  origins: 


Carbon  County 
Northampton  County 
Lehigh  County 
Bucks  County 
Philadelphia  County 
Schuylkill  County 
Montgomery  County 
Others 


Boaters 

Total 

Survey 

Survey 

21X 

25% 

18 

16 

13 

29 

13 

2 

10 

0 

10 

4 

5 

3 

10 

21 

100% 

100% 

In  the  "other"  category  of  the  boaters  survey,  two-thirds  of  the  ten  percent 
were  from  out  of  state,  while  a  smaller  share  of  the  21  percent  of  all 
visitors  were  from  out  of  state.  Even  though  Beltzvllle  allows  unlimited 
horsepower  motorboating  its  "market  penetration"  is  somewhat  low.  The  most 
likely  reason  for  this  is  its  rather  small  size  and  relative  newness;  but 
as  it  becomes  more  well  known.  Increasing  numbers  of  visitors  will  recreate 
at  Beltzvllle. 


IV.C.4.(b)  Pymatuning 

Pymatunlng  is  a  Pennsylvania  State  Park  located  in  Crawford  County  about 
40  miles  southwest  of  Erie,  Pennsylvania  on  the  Pennsylvania /Ohio  border. 
Pymatunlng  contains  8,745  land  acres  and  17,088  water  acres.  Lake  Pymatuning 


was  created  by  a  Corps  of  Engineers  dam  which  was  completed  In  1936. 
Reported  attendance  In  visitor  days  has  fluctuated  significantly  from 
6,800,000  in  1969  to  2,990,000  In  1974.  Some  of  this  decline  is  attri¬ 
butable  to  revised  visitor  estimating  procedures  enforced  by  a  new  park 
superintendent.  However,  the  recent  decline  In  1974  attendance  which  is 
down  from  1973  of  4,074,000  Is  felt  to  be  due  to  the  energy  crisis  and  a 
reduction  of  visitors  and  second  home  owners  from  the  Pittsburgh  metropoli¬ 
tan  area.  Pymatunlng  Is  designed  for  both  day  and  overnight  use  and  offers 
the  following  range  of  activities. 


Table  4-  30  Activities  and  Available 
Facilities  at  Pymatunlng  State  Park,  1975 


Activities 

Picnicking 

Swimming 

Fishing 

Boating 

Hiking 

Ice  Skating 

Ice  Fishing 

Sledding  and  Tobogganing 

Hunting 

Snowmoblllng 

Camping  -  Family 

Camping  -  Group 


Facilities 
1,000  Tables 

4,200  Linear  Feet  of  Beach 
70  Miles  of  Shoreline 
3,322  Mooring  Stations 
2.0  Trail  Miles 
50  Acres  (plowed ) 

13,000  Acres 

150  Foot  Run  off  the  Dam 
5,000  Acres 
200  Acres 
828  Sites 

1  Area  for  400  People 


Source:  Pennsylvania  Department  of  Environmental  Resources. 


Plans  for  new  facilities  are  prlnarily  maintenance  and  repair  of  existing 
facilities  such  as  boat  liveries  and  maintenance  sheds;  however,  a  new 
marina  facility  of  unkno%m  size  is  also  a  possibility. 

In  the  last  two  years  a  major  drop  in  the  percentage  of  annual  attendance 
which  occurs  during  the  14.5-week  summer  season  has  taken  place.  In  1972 
about  75  percent  of  the  total  annual  visitors  occurred  during  the  summer; 
but  in  1973  and  1974  only  65  percent  of  the  total  visitations  occurred 
during  the  peak  summer  season.  The  weekly  distribution  of  visitor  days 
follows  closely  that  of  Beltzvllle  with  30  percent  of  the  weekly  attendance 
falling  on  Sunday,  20  percent  on  Saturday,  and  50  percent  falling  on  the 
remainder  of  the  week.  This  distribution  was  calculated  on  the  14.5-week 
summer  season  which  generally  runs  from  Memorial  Day  to  Labor  Day.  The 
peak  day  for  the  year  accounted  for  about  1.84  percent  of  the  total  annual 
visitor  days. 

The  data  in  the  table  below  indicates  that  picnicking,  swimming  and, 
recently,  boating  are  the  activities  that  are  the  most  seriously  overused 
for  the  facilities  provided.  Excessive  turnover  rates  or  crowding  are 
being  experienced  for  these  activities. 

I  a 
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Table  4^31  Activity,  Capacities  and  Utilization  of 
Selected  Activities  at  Pymatunlng  State  Park.  1972-1974 


Instant  Peak  Day  Utilization^^ 


Activity 

Capacity 

1972 

1973 

1974 

Picnicking 

5,000 

40,854 

29,585 

25,658 

Swimming 

5,600 

10,250 

11,500 

8,600 

Bank  Fishing 

6,125 

9,470 

6,924 

1,997 

Boating 

8,000 

4,735 

23,506 

17,670 

Camping  -  Family 

3,312 

3,732 

2,655 

3,280 

Camping  -  Group 

400 

318 

246 

232 

2J  Activity  days. 

Source:  Pennsylvania  Department  of  Environment  Resources* 

Visitor  origins  for  Pymatunlng  are  indicated  by  two  surveys  taken  by  the 
Pennsylvania  Department  of  Environmental  Resources.  The  first  is  a  survey 
of  day  users  taken  in  1972  and  the  other  is  a  camper  survey  taken  in  1971. 
As  might  be  expected  the  day  users  originated  much  closer  to  Pymatunlng 
than  did  the  campers.  Of  the  day  users,  51  percent  live  in  the  two 
counties  (Crawford  and  Mercer)  adjacent  to  the  reservoir,  while  an  addi¬ 
tional  16  percent  come  from  neighboring  Ohio  counties.  Allegheny  County 
(Pittsburgh)  accounts  for  16  percent  of  Pymatunlng 's  visitors,  which  re¬ 
flects  to  some  degree  the  second  home  ownership  of  Pittsburgh  residents 
at  Pymatunlng.  The  results  of  the  camper  survey  indicates  a  much  wider 
dispersion  of  visitors.  The  two  counties  adjacent  to  Pymatunlng  account 
for  only  15  percent  of  the  campers,  while  the  distribution  of  the  distant 
counties  which  provide  campers  to  Pymatunlng  interestingly  enough  are 
stretched  eastward  along  the  Pennsylvania  Turnpike  and  1-70  and  76;  but 
still  approximately  80  percent  come  from  within  a  100-mile  radius. 
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IV.C.4.(c)  Bear  Mountain  and  Harrlman 

Bear  Mountain  and  Harrlman  are  Individual  parks  within  the  Palisades  Inter¬ 
state  Park  System  which  Is  comprised  of  17  parks  and  four  historical  sites 
In  New  York  and  New  Jersey.  Bear  Mountain  and  Harrlman  were  selected  for 
analysis  because  when  they  are  considered  together  they  offer  a  full  range 
of  recreation  activities  within  easj'  access  to  the  New  York  City  metropol¬ 
itan  population.  Bear  Mountain  has  been  a  favorite  park  for  the  outings 
of  New  York  City  residents  since  Its  founding  In  1900.  At  that  time  most 
of  the  park's  visitors  were  ferried  25  miles  up  the  Hudson  River,  and  It  Is 
still  possible  to  arrive  by  that  means  today.  In  1974,  the  Bear  Mountain 
and  Harrlman  parks  had  over  4,000,000  visitor  days  which  accounted  for 
almost  55  percent  of  the  total  attendance  In  the  Palisades  park  system. 
Attendance  at  Bear  Mountain  and  Harrlman  state  parks  has  stabilized  some¬ 
what  recently  with  most  of  the  new  growth  In  attendance  occurring  at  the 
newer  outlying  parks  of  this  system. 

Even  though  there  are  overnight  camping  facilities  available  In  Harrlman, 
most  of  the  facilities  and  activities  are  day  use  oriented.  The  range  of 
activities  and  facilities  are  shown  on  the  following  page. 

New  facilities  planned  for  the  Bear  Mountain  and  Harrlman  state  parks 
center  around  Iona  Island  which  Is  located  In  the  Hudson  River.  This 
Island  will  be  developed  for  day  use  picnickers  primarily  with  major  trails 
and  a  wildlife  refuge  as  attractions.  This  development  Is  five  to  ten 
years  away  from  becoming  operational. 
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Table  4-32  Activities  and  Available  Facllltlea 
at  Bear  Mountain  and  Harri—n  State  Parka.  1975 


Activities 

Picnicking 
Swimming  -  Pool 
Swimming  -  Beach 
Fishing 
Boating 
Hiking 
Ice  Skating 
Ice  Fishing 

Nordic  Skiing/ Snowshoelng 
Group  Camping 
Individual  Camping 
Roller  Skating 
Field  Sports 


Facilities 
3,176  Tables 

43,000  Square  Feet  of  Pool 
4,700  Linear  Feet  of  Beach 
1,900  Acres 
1,120  Acres 

215  Trail  Miles 
15,700  Square  Feet  of  Rink 
1,250  Acres 
30,000  Acres 
6,845  Sites 
220  Sites 

24,800  Square  Feet  of  Rink 
25  Acres 


Source:  Palisades  Interstate  Park  System. 


Since  dally  attendance  figures  could  not  be  provided  it  was  not  possible 
to  analyze  the  patterns  of  weekly,  seasonal,  or  annual  visitations.  How¬ 
ever,  from  the  data  that  was  available  and  information  gained  from  Inter¬ 
views  some  evaluation  of  attendance  patterns  Is  possible.  The  peak  summer 
season  runs  the  normal  Memorial  Day  to  Labor  Day  period;  however,  there  Is 
a  mini  peak  season  which  occurs  during  October  when  the  fall  foliage 
attracts  numerous  sightseers.  This  mini  season  Is  not  significant  for  this 
purpose  because  these  people  are  not  actively  using  the  recreation  facili¬ 
ties  of  the  park,  but  It  does  help  reduce  the  peak  summer  season  to  about 
65  percent  of  the  total  annual  visitations.  The  day  use  activity,  as 
represented  by  the  Bear  Mountain  attendance.  Is  more  evenly  distributed 
throughout  the  year  than  the  overnight  useage,  which  Is  represented  by  the 
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Harrlnan  attendance  figures.  The  attendance  at  Bear  Mountain  would  be  less 
evenly  distributed  were  it  not  for  an  extensive  program  of  busing  inner- 
city  children  to  the  park  during  the  summer  weekdays.  This  even  distribu¬ 
tion  in  useage  is  also  helped  by  the  hotel  facilities  available  at  Bear 
Mountain  which  certainly  enhances  off-season  use. 

Distribution  of  weekly  attendance  was  estimated  at  50  percent  occurring  on 
Sundays,  25  percent  on  Saturdays,  and  25  percent  on  the  remainder  of  the 
week.  This  attendance  distribution  estimate  indicates  that  Bear  Mountain 
is  convenient  for  day  users  to  be  used  on  Sunday,  while  if  they  have  long 
weekends  or  vacation  time  available  they  will  travel  further  for  their 
recreation.  The  only  activity  data  available  was  for  camping  in  the 
Harriman  section  of  the  park.  The  highest  weekly  occupancy  was  66  percent 
for  the  220  available  sites.  The  fact  that  camping  is  not  more  heavily 
used,  as  in  the  other  comparable  parks,  indicates  the  area  is  considered 
primarily  for  day  use  and  longer  recreation  periods  are  usually  spent  at 
facilities  farther  away. 

The  total  instant  capacity  for  the  park  is  estimated  on  the  basis  of  avail¬ 
able  parking  facilities  and  is  stated  at  20,000  people  for  the  Bear 
Mountain  section  and  54,745  people  for  the  Harriman  section.  In  total,  the 
Bear  Mountain  and  Harriman  parks  have  an  estimated  Instant  capacity  of 
approximately  75,000.  From  weekly  attendance  data  the  Bear  Mountain  and 
Harriman  sections  of  the  park  are  utilized  at  approximately  30  percent  over 
their  estimated  capacity  on  an  average  summer  Sunday.  The  facilities 
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receiving  the  most  excessive  use  sre  picnic  grounds,  svinmlng  pools,  ice 
and  roller  skating  facilities  and  the  cafeteria. 


New  York  City  contributes  approximately  60  percent  of  total  Palisades  Park 
System  attendance.  The  remaining  39  percent  is  almost  equally  divided  be¬ 
tween  neighboring  New  York  State  and  New  Jersey  counties.  Harrlman  and 
Bear  Mountain  State  Parks  each  comprise  40  percent  of  total  Palisades  Park 
System  attendance.  Automobiles  are  the  dominant  access  mode  accounting  for 
89  percent  of  total  park  visits. 

IV.C.4.(d)  Kinzua  Dam 

The  Kinzua  Dam  is  a  Corps  of  Engineers  project  completed  in  1966  which 
created  the  Allegheny  Reservoir  in  the  Allegheny  National  Forest.  This 
recreation  area  is  managed  by  the  U.S.  Forest  Service  and  is  located  on  the 
New  York/Pennsylvania  border  about  75  miles  east  of  Erie,  Pennsylvania.  The 
Allegheny  National  Forest  contains  some  499,000  acres  of  land  area;  however, 
only  14,176  acres  surrounding  the  reservoir  are  developed  for  recreation. 

The  reservoir  Itself  contains  12,050  acres  of  water,  for  a  total  of  over 
26,200  acres  of  recreation  area.  Total  visitor  day  use  for  the  entire 
Allegheny  National  Forest  exceeded  1,926,000  visitors  in  1972.  The 
Allegheny  Reservoir  portion  accounted  for  approximately  40  percent  of  that 
total  or  about  770,000  visitor  days.  This  attendance  is  up  significantly 
from  the  126,500  visitor  days  which  occurred  in  1967  which  was  the  first 
full  year  of  operation.  Visitor  days  have  been  projected  by  the  National 
Forest  Service  Management  Plan  to  reach  5,000,000  for  the  reservoir  portion 


The  Allegheny  Reservoir  and  National  Forest  offers  a  wide  range  of  outdoor 
recreation  activities.  These  activities,  the  1972  total  visitor  days  and 
the  Instant  capacities  for  the  reservoir  are  shorn  In  the  table  below. 


Table  4-33  Activities  and  Annual 
Utilization  of  the  Allegheny  National  Forest 


1972  Visitor  Days— ^  Instant  Capacities 


Activity 

Number 

Percent 

1974 

2000 

Picnicking 

48,100 

2.5% 

3,420 

4,500 

Swimming 

18,800 

1.0 

4,565 

11,300 

Fishing 

213,800 

11.1 

6,900 

6,900 

Boating 

166,800 

8.7 

3,985 

6,300 

Hiking 

51,300 

2.7 

2,400 

2,400 

Camping 

432,000 

22.4 

4,045 

9,350 

Snowmoblllng 

57,500 

3.0 

3/ 

3/ 

Hunting 

221,300 

11.5 

4,770 

4,770 

Winter  Sports 

2,300 

0.1 

750 

750 

Sightseeing 

573,100 

29.7 

10,000 

10,000 

Other  2/  _ 

141.600 

7.3 

1,130 

1,130 

TOTAL  1 

,926,000 

100.0% 

1/ 

Not  comparable  with  definition  : 

in  other  tables. 

2/ 

Includes  motorcycle  and  4-wheel 

drive,  team  sports 

and  games,  recreation 

residents 

and  others 

• 

3/ 

Capacities  not  given. 

Source:  Allegheny  National  Forect  Management 

Plan. 

Because  of  a  different  definition  of  "visitor  day"  used  by  the  administra¬ 
ting  agency,  this  data  Is  not  comparable  to  other  data  In  this  chapter. 
Nevertheless,  the  relative  importance  of  camping  versus  swimming  is 
interesting  when  compared  to  parks  with  smaller  acreages  and  closer  to 
urban  populations. 


IV-117 


It  was  estimated  by  Forest  Service  officials  that  while  their  summer  sea¬ 
son  ran  from  Memorial  Day  to  Labor  Day,  the  months  of  July  and  August 
accounted  for  fully  70  percent  of  the  total  annual  attendance.  The  distri¬ 
bution  of  attendance  during  the  typical  summer  week  is  estimated  to  be 
50  percent  on  Friday,  Saturday  and  Sunday,  and  the  remaining  50  percent 
during  the  other  days  of  the  week. 

Based  upon  a  visitors  survey  conducted  In  1972  about  three-quarters  of  the 
Allegheny  Reservoir  users  were  from  Pennsylvania,  with  New  York  and  Ohio 
each  accounting  for  about  ten  percent.  Of  those  surveyed,  about  45  to  50 
percent  lived  within  a  30-mlle  radius  of  the  reservoir. 

IV.C.4.(e)  Relation  to  Tocks  Island 

Based  on  the  above  analysis  of  comparable  recreation  areas,  some  observa¬ 
tions  become  apparent,  particularly  In  regard  to  the  formulas  used  to  pre¬ 
dict  visitation  at  DWGNRA.  The  peak  season  should  be  considered  to  be 
from  Memorial  Day  to  Labor  Day  which  is  an  average  of  14.5  weeks  long. 

The  amount  of  visitation  which  takes  place  out-of-season  varies  greatly 
by  activity.  For  Instance,  100  percent  of  the  swimming  occurs  during  the 
14.5  weeks,  so  the  greater  the  proportion  of  swimming  in  the  park,  the 
greater  the  share  of  total  visitation  will  occur  in  the  defined  season. 


Given  the  location  of  Tocks  Island  with  relation  to  large  urban  population 
centers  and  the  activities  anticipated  at  Tocks  Island,  the  weekly  distri¬ 
bution  of  attendance  might  approximate  30  percent  or  more  on  Sunday, 


20  percent  on  Saturday,  and  less  than  50  percent  during  the  raaMinder  of 
the  week.  This  distribution  of  visitation  will  occur  after  a  startup 
period  has  elapsed  and  the  public  becomes  aware  of  and  adjusts  to  its  peak 
periods  and  capacities.  It  should  not  be  unreasonable  to  expect  a  similar 
experience  to  iritat  has  occurred  at  Beltzville  to  occur  at  locks  Island. 

The  information  contained  in  the  various  visitor  surveys  would  suggest 
that  a  much  larger  share  of  the  activity  days  will  come  from  a  rather  local 
population  than  has  sometimes  been  suggested.  Without  doubt,  much  of  the 
weekend  use  will  be  from  New  York  City  and  Philadelphia  metropolitan  resi¬ 
dents;  however,  "Inflow"  from  outside  the  defined  service  area  will  likely 
be  minimal  as  a  percentage  of  total  visitation. 

One  statistical  area  which  seems  to  vary  considerably  from  the  assumptions 
which  have  been  used  in  the  past  is  the  percent  of  total  visitation  who 
are  sightseers  motoring  through  without  using  any  recreation  facilities. 
Compared  to  the  20  percent  of  total  visitation  uniformly  used,  Beltzville 
had  about  40  percent  sightseers,  Pymatuning  over  50  percent  (inflated  by 
through  public  roads  in  the  area)  and  Allegheny  National  Forest  30  percent. 

IV. C. 5.  OUTDOOR  RECREATION  DEMAND  IN  THE  SERVICE  AREA 

IV.C.5.(a)  Forecast  Participation  in  Outdoor  Recreation 

The  methodology  for  forecasting  participation  rates  and  activity  days 

within  the  recreation  service  area  was  described  in  IV. C. 2.  above.  This 
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c<-  plex  process  was  done  by  computer  by  Ide  Associates,  Inc.  and  produced 
printouts  of  county-by-county  demographic  forecasts  and  participation  In 
14  different  outdoor  recreation  categories.  The  future  participation  rates 
reflect  not  only  the  population  growth  forecast  (under  the  three  forecast 
levels)  but  also  changes  In  age  and  Income  distributions  of  the  population 
and  current  patterns  of  car  ownership  and  race  among  the  counties  of  the 
recreation  service  area. 

Table  4-34  below  summarizes  the  total  demand  In  seven  major  recreation 
categories  for  the  recreation  service  area  and  its  component  state  totals. 
Demand  is  expressed  In  terms  of  activity  days  in  the  Indicated  year  for  the 
medium  level  of  economic  growth  discussed  in  Chapter  I.  Comparable  figures 
for  other  forecast  years  and  for  the  high  and  low  growth  levels  are  pre¬ 
sented  in  the  appendix  tables  of  this  chapter. 

The  nature  of  the  data  available  does  not  permit  the  demand  to  be  broken 
down  into  various  subcategories  such  as  canoeing  versus  motorboating  or 
beach  versus  pool  swimming.  However,  some  Indication  of  subcategory  demand 
can  be  obtained  from  the  1972  National  Recreation  Survey  which  indicates 
that  In  the  Northeast  Region  of  the  country  canoeing  and  waterskiing  each 
represent  15  percent  of  the  boating  activity,  sailing  is  30  percent  and 
other  boating,  40  percent.  The  same  survey  Indicates  that  30  percent  of 
outdoor  swimming  activity  Is  In  pools  with  the  remainder  In  rivers,  lakes 
and  at  various  beaches. 
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Table  A-3A  Activity  Days  Demand  In  the  Tocks  Island  Lake 
Recreation  Service  Are^  1974-2025.  Medium  Growth  Level 
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Table  4-35  suaBarises  the  total  activity  daya  of  deaand  In  the  racraatlon 
service  area  for  the  three  alternative  growth  levels.  This  again  Is  a 
suanary  of  wore  detailed  Inforaatlon  presented  In  the  appendix  tables. 
Vlhlle  the  difference  In  demand  In  a  future  year  among  the  three  growth 
levels  does  not  appear  to  be  great »  the  difference  In  the  change  between 
the  current  demand  and  the  future  demand  Is  quite  significant.  For 
example,  the  Increase  In  swimming  demand  between  1974  and  1985  Is  about 
55,000,000  activity  days  under  the  low  growth  option  compared  to  more 
than  131,000,000  activity  days  under  the  high  growth  projections,  a  fac¬ 
tor  of  more  than  twice  the  numerical  Increase.  Similar  differences  In 
increments  of  demand  are  observed  In  the  other  recreation  categories  as 
well. 
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Table  4-35  Annual  Activity  Days  by  Service  Area 
Residents  In  Seven  Hajor  Recreation  Categories 


Economic  Growth  Level 


Low 

Medium 

High 

1974 

Swimming 

- 

713,642 

- 

Picnicking 

- 

167,686 

- 

Boating 

- 

95,587 

- 

Fishing 

- 

120,071 

- 

Hunting 

- 

56,966 

- 

Hiking 

- 

198,437 

- 

Camping 

- 

72,583 

- 

1985 

Swimming 

788,244 

822,301 

844,718 

Picnicking 

174,179 

181,589 

186,519 

Boating 

109,749 

114,506 

117,628 

Fishing 

124,151 

129,762 

133,410 

Hunting 

58,867 

61,522 

63,244 

Hiking 

204,990 

213,878 

219,744 

Camping 

74,664 

78,076 

80,285 

2025 

Swimming 

1,015,259 

1,137,498 

1,275,050 

Picnicking 

194,185 

217,537 

243,833 

Boating 

151,536 

169,843 

190,419 

Fishing 

144,502 

163,106 

183,259 

Hunting 

68,515 

77,349 

86,916 

Hiking 

237,909 

267,180 

299,688 

Camping 

86,615 

97,413 

110,074 

Note:  Activity  days  in  thousands. 
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IV.C.5.(b)  Overnight  Versus  Day-Trip  Demand 

The  table  below  shows  the  distribution  of  activity  days  by  type  of  visit 
and  the  time  involved;  it  is  shown  as  a  step  in  calculating  the  overnight 
versus  day-trip  demand.  The  information  is  national  data  based  on  the  1972 
NRS  and  combined  with  the  at-home  component  determined  by  the  Ide  Associates 
survey.  Although  this  is  the  best  data  available,  the  NRS  data  applies  to 
summer  activities  only  so  the  vacation  component  may  be  overstated. 


Table  4-36  Distribution  of  Activity  Days  by  Type  of  Visit 


Percent  of  Activity  Days 


Vacation^^ 

Trii^-^ 

3/ 

Outing—^ 

Home^^ 

Total 

Swlnming 

13.9% 

6.5% 

25.5% 

54.1% 

100.0% 

Picnicking 

19.2% 

10.6% 

49.0% 

21.2% 

100.0% 

Boating 

25.0% 

21.0% 

36.5% 

17.5% 

100.0% 

Fishing 

20.4% 

13.6% 

35.6% 

30.4% 

100.0% 

Hiking 

24.7% 

13.7% 

23.0% 

38.6% 

100.0% 

Camping 

63.9% 

36.1% 

- 

- 

100.0% 

Note:  Hunting  data  not  available  in  this  format. 

"U  Away  from  home  overnight  for  two  nights  or  more. 

Away  from  home  overnight  for  one  night  only. 

3/  Away  from  home  but  not  overnight. 

Within  15  minutes  of  home  and  not  overnight. 

Source:  Calculated  from  data  in  the  National  Recreation  Survey, 
Bureau  of  Outdoor  Recreation  and  Ide  Associates  survey. 
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Based  upon  the  above  distributions  of  activity  by  type  of  trip,  estimates 
have  been  made  of  the  total  overnight  demand  and  day  trips.  The  calcula¬ 
tion  assumes  that  the  trip  consists  of  one  overnight  for  each  two  activity 
days  and  vacations  average  seven  activity  days  and  six  nights.  The  excep¬ 
tion  to  this  is  camping  which  is  assumed  to  be  in  terms  of  "activity 
nights"  In  the  first  place.  The  split  between  nights  and  day  trips  within 
the  recreation  service  area  Is  shown  In  the  table  on  the  following  page. 

It  can  be  observed  that  the  activities  having  the  greatest  proportion  of 
overnight  demand  are  boating,  hiking  and,  by  definition,  camping;  but  the 
greatest  single  generator  of  overnight  facilities  demand  is  still  swimming. 
Because  of  the  assumptions,  the  activities  shown  in  Table  4-37  will  sum 
to  less  than  the  total  activity  days  previously  forecast. 

IV.C.5.(c)  Possible  Shifts  in  Activity  Patterns 

The  forecasts  presented  in  the  tables  above  are  based  on  current  partici¬ 
pation  factors  modified  by  demographic  differences  within  the  service 
area  now  and  over  time.  They  do  not  and  cannot  account  for  the  many  un¬ 
knowns  of  future  consumption  patterns,  except  for  the  fact  that  some 
account  for  a  new  energy  situation  reflected  in  the  use  of  a  1974  survey. 
This  survey  also  gives  some  insights  as  to  what  changes  in  activity  the 
participants  themselves  would  envision  if  more  facilities  were  available 
to  them. 

While  "What  would  you  do  if  .  .  ."  questions  are  of  less  value  in  inter¬ 
preting  public  surveys  than  hard  data,  two  questions  in  particular  from 
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Table  4-37  Overnight  and  Day  Trip  Demand  by 


Activity.  Medium  Economic 

Growth  Level 

Night 

Dav-Trlps 

Home 

1974 

Swimaing 

108,205 

181,979 

386,000 

Picnicking 

36,479 

82,166 

35,549 

Boating 

30,516 

34,889 

16,727 

Fishing.  . 
Hunting— 

29,157 

42,745 

36,502 

11,963 

17,944 

21,077 

Hiking 

55,598 

45,641 

76,597 

Camping 

52,849 

■ 

1985 

Swlnanlng 

124,680 

209,689 

444,865 

Picnicking 

39,504 

88,979 

38,497 

Boating 

36,556 

41,795 

20,039 

Fishing 

Hunting- 

31,510 

12,920 

46,195 

13,379 

39,448 

22,763 

Hiking 

59,924 

49,192 

82,557 

Camping 

56,849 

2025 

Swimming 

172,471 

290,062 

615,386 

Picnicking 

47,324 

106,593 

46,118 

Boating 

54,222 

61,993 

29,723 

Fishing. , 
Hunting-' 

39,607 

58,066 

49,584 

16,243 

24,365 

28,619 

Hiking 

74,858 

61,451 

103,131 

Camping 

71,293 

• 

Note;  Thousands  of  nights  or  day  visits. 

1/  Hunting  away  from  home  was  assumed  to  be  50  percent 
~  Outing  and  50  percent  Vacation  and  Trips  and  the 
latter  average  was  3  days  and  2  nights  in  length. 
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the  Ide  Associates  survey  provide  sosMi  valtiable  background.  The  first 
asked  whether  the  participant  was  Inconvenienced  or  bothered  by  over¬ 
crowding  the  last  time  he  or  she  participated  In  each  activity.  The 
highest  "yes"  response  to  this  question  was  for  such  fixed-capacity  facili¬ 
ties  as  tennis,  golf  and  skiing;  and  among  the  major  categories  dlscudsed 
in  this  section,  only  swimming  had  an  above  average  number  of  "yes" 
responses  to  this  question. 

The  second  question  asked  whether  a  person  would  participate  In  a  given 
activity  more  If  the  facility  were  closer  or  more  convenient.  The  intent 
was  to  measure  the  extent  to  which  distance  was  a  constraint  on  participa¬ 
tion.  The  percentages  shown  below  are  the  percent  of  the  present  activity 
days  In  each  category  accounted  for  by  people  who  felt  they  would  partici¬ 
pate  more  frequently  If  the  facility  (of  their  last  visit)  were  only  half 
as  far  from  home.  Note  that  this  does  not  Indicate  a  potential  percentage 
increase  In  participation  but  rather  a  relative  (by  activity)  measure  of 
resistance  to  distance. 


Swlimnlng 

19.8% 

Picnicking 

27.6% 

Boating 

36.3% 

Fishing 

27.1% 

Hunting 

15.7% 

Hiking 

18.0% 

Camping 

31.4% 

These  two  questions  Indicate  a  possible  conservative  bias  In  extending 
present  participation  rates  Into  the  future  where  new  major  Increments  of 
supply  are  to  be  added  significantly  closer  to  the  population  centers.  It 
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could  be  said,  however,  that  locks  Island  Lake  is  not  significantly  closer 
to  the  population  centers  than  the  beaches  or  many  of  Pennsylvania  and  New 
York's  state  parks. 

Another  factor  influencing  future  demand  patterns  is  attempts  at  "outreach" 
on  a  large  scale.  The  demographic  section  above  noted  the  wide  disparity 
in  participation  rates  among  demographic  groups.  V/hlle  differences  due  to 
age  or  education  may  be  understandable  consumer  choices,  those  due  to  race, 
income  and  car  ownership  can  logically  be  traced  to  lack  of  mobility  and 
opportunity.  Any  concentrated  effort  to  change  these  factors  or  design 
special  programs  to  reach  these  markets  can  increase  the  overall  demand 
Indicated  in  the  above  tables. 

However,  since  any  such  special  efforts  by  one  facility  (locks  Island) 
would  be  miniscule  in  the  total  demand  framework,  it  would  be  more  appro¬ 
priate  to  deal  with  this  as  an  increment  to  a  "base-line"  projection  of 
DWGNRA  attendance  than  to  modify  the  regional  demand  estimates. 


IVD.  FUTURE  OUTDOOR  RECREATION  NEEDS 


Future  demand  for  recreation  can  be  and  has  been  forecast  and  supply 
can  be  measured  to  the  extent  data  is  available  —  as  was  done  In 
Section  IV. B.  The  classic  approach  would  be  to  say  the  difference  Is  the 
need;  but  It  Is  not  that  simple.  First  of  all  some  consistent  measure  Is 
needed  for  comparison;  the  consultants  have  chosen  the  dally  capacity  for 
this  measure.  Secondly,  the  supply  and  responsibility  for  providing 
supply  Is  so  dispersed  that  supply  measures  do  not  cover  all  the  areas 
that  people  use;  for  example,  much  of  the  picnicking  activity  (demand) 
undoubtedly  takes  place  on  beaches,  woods,  fields  —  not  on  a  picnic  table 
(supply) . 

In  this  section,  the  demand  forecasts  are  converted  Into  dally  capacity 
requirements  which  are  then  compared  with  the  available  capacities  developed 
In  IV. B.  above.  In  order  to  estimate  the  future  need  for  facilities  which 
might  be  met  by  the  Delaware  Water  Gap  National  Recreation  Area. 


IV.D.l.  RECREATION  DEMAND  FORMULAS 

As  noted  earlier,  utilization  of  one  single  demand  formula  for  estimating 
the  design  load  of  a  recreation  project  Ignores  some  Important  variations 
inherent  In  various  outdoor  recreation  activities.  The  percent  of 
activity  that  occurs  within  the  normal  season  and  the  share  of  the  weekly 
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attendance  that  occura  on  Sunday  are  two  major  variables.  For  purposes 
of  this  analysis  turnover  is  not  considered  in  order  to  deal  strictly  in 
a  daily  capacity.  Dally  capacity  when  divided  by  turnover  will  yield  the 
Instant  capacity  or  design  load. 

There  is  an  obvious  trade>off  when  defining  a  given  recreation  activity 
season.  To  Illustrate,  it  could  be  said  that  the  "nonsal  season"  is  one 
week  long  and  five  percent  of  the  annual  activity  occurs  in  that  period, 
or  the  "normal  season"  is  51  weeks  long  and  accounts  for  95  percent  of 
the  annual  activity.  The  requirement  for  defining  a  "normal  season"  should 
be  consistent  with  the  character  of  most  of  the  activities  being  considered 
and  be  of  short  enough  duration  to  yield  a  reasonable  weekly  average. 

Based  on  empirical  attendance  data  from  the  Pennsylvania  Department  of 
Environmental  Resources,  it  is  necessary  to  change  the  length  of  the 
"normal  season"  only  slightly.  It  is  the  opinion  of  the  consultants  that 
the  normal  season  runs  from,  and  Includes,  Memorial  Day  to  Labor  Day,  which 
is  a  period  of  101  to  102  days  depending  on  the  year.  This  is  an  average 
of  14.5  weeks  as  opposed  to  the  previously  used  14  weeks. 

Having  pegged  the  normal  season  to  all  activities  (except  hunting),  the 
variation  appears  in  the  percent  of  the  annual  activity  that  occurs  in 
season.  If  hunting  had  been  included  in  that  14.5-week  season  only  one 
or  two  percent  of  the  annual  activity  would  have  occurred  in  season  and 
any  estimates  of  supply  requirements  would  have  been  meaningless.  To 
correct  for  this  anomaly,  the  hunting  season  was  estimated  to  occur  for  a 
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ten-week  period  beginning  about  nid-October  and  running  through  mid- 
December.  There  will  be  some  variation  in  the  exact  timing  because 
the  opening  day  of  hunting  season  may  vary  by  as  much  as  two  or  three 
weeks . 

Hajor  changes  in  estimates  of  the  percent  of  weekly  activity  that  occurs 
on  Sunday  have  been  made,  again  based  on  analysis  of  attendance  data  at 
Pennsylvania  state  parks.  As  previously  described,  the  original  studies 
used  60  percent  of  weekly  attendance  as  the  Sunday  average;  and  this  was 
reduced  to  a  range  of  26  to  29  percent  in  subsequent  analyses.  The  con¬ 
sultant's  estimates  range  from  a  high  of  35  percent  for  picnicking  to  a 
low  of  25  percent  for  hiking  and  camping.  Hunting  actually  had  a  higher 
peak  day  estimate,  40  percent,  but  hunting  has  its  own  season  and  the  peak 
hunting  day  is  Saturday. 

Based  on  a  detailed  analysis  of  daily,  weekly  and  seasonal  attendance 
data  from  several  Pennsylvania  state  parks  over  a  three-year  period, 
the  consultants  have  developed  new  dally  capacity  formulas  for  each 
activity.  The  table  below  displays  the  major  components  of  the  revised 
formula  by  activity. 


Table  4-38  Recommended  Seasonal  and  Daily  Variation 
by  Activity  to  be  Used  In  Design  Equations 


Percent  of 

Percent  of 

Percent  of 

Weeks  In 

Annual  Activity 

Weekly  Activity 

Annual  Activity 

Season  1/ 

Within  Season 

On  Sunday 

On  Sunday 

Swlnming 

14.5 

100% 

33.3% 

2.3% 

Picnicking 

14.5 

90% 

35.0% 

2.2% 

Boating 

14.5 

70% 

33.3% 

1.6% 

Fishing 

14.5 

55% 

27.5%,, 

40.0%-' 

1.0%2/ 

3.8%-' 

Hunting 

10.0 

95% 

Hiking 

14.5 

60% 

25.0% 

1.0% 

Camping 

14.5 

90% 

25.0% 

1.6% 

1^/  Season 

from  Memorial 

Day  to  Labor  Day, 

,  except 

for  hunting  which  Is  Mid-October  to  Mid-December. 
Saturday  for  hunting. 


As  an  example,  the  formula  for  swimming  daily  capacity,  based  on  the  Infor¬ 
mation  In  the  above  table,  would  look  like  this: 

„  .  .  Annual  Visitation  x  1.0  x  .333 

Swinonlng  Daily  Capacity  =  - - 

In  order  to  estimate  the  design  load  or  instant  capacity,  a  step  not  rele¬ 
vant  at  this  point  in  the  analysis,  the  facility  turnover  must  be  factored 
into  the  denominator  of  the  equation. 


I 

I 
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IV. D. 2.  REQUIRED  DAILY  CAPACITIES 


The  seasonal  and  weekly  factors  described  above  are  used  in  combination 
with  the  forecast  annual  activity  days  to  calculate  the  dally  capacity 
needed  to  satisfy  the  demand,  but  not  before  making  two  significant  adjust¬ 
ments  which  are  described  below.  Table  4-39  summarizes  this  calculation. 
These  adjustments  are  based  upon  the  fact  that  there  are  certain  differences 
in  the  concepts  which  define  the  demand  and  supply  measures  so  certain  ad¬ 
justments  are  necessary  to  bring  both  to  the  same  terms  for  comparison. 

One  of  these  differences  is  the  type  of  place  in  which  the  activity  takes 
place.  The  supply  data  covers  most  public  facilities  and  most  private  and 
semi-public  areas  where  the  public  has  access  whether  through  fees,  member¬ 
ship  or  sponsorship  by  an  organization  (such  as  in  Y  camps) .  The  partici¬ 
pation  data,  on  the  other  hand,  is  derived  without  regard  to  where  it  takes 
place,  and  much  of  it  takes  place  at  home,  at  a  neighbor's  home,  on  other 
private  individuals'  land  (particularly  important  to  hunting),  at  apartment 
project  recreation  facilities  and  similar  facilities  not  included  in  the 
supply  Inventory.  This  component  of  use  must  be  factored  out  of  the 
"demand"  before  calculating  the  supply  requirements  for  comparison  with 
current  supply.  The  adjustments  made  and  shown  in  Table  4-39  are  based  on 
responses  to  the  Ide  Associates  survey  regarding^  the  type  of  place  each 
activity  was  engaged  in. 

A  second  adjustment  was  made  in  the  boating  category  to  address  a 
deficiency  in  the  supply  inventory  relating  to  the  inability  to  tabulate 
the  unlimited  resources  for  saltwater  boating.  Based  on  New  York  State 
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boat  registrations,  the  consultant  has  estimated  that  boating  demand  In 
New  York  Is  approximately  30  percent  freshwater  and  70  percent  saltwater. 
Extrapolating  from  this  data  It  Is  estimated  that  Pennsylvania  demand  Is 
80  percent  freshwater.  New  Jersey,  20  percent,  and  Delaware  and  Connecticut, 
10  percent.  The  weighted  average  for  the  service  area  Indicates  38  percent 
of  the  boating  demand  Is  for  freshwater  boating.  So  an  additional  adjust¬ 
ment  (reduction)  in  demand  of  this  amount  has  been  made  for  the  boating 
category. 

The  adjusted  demand  in  terms  of  activity  days  shown  In  the  second  column  of 
Table  4-39  has  been  converted  to  needed  daily  capacity  using  the  factors 
for  seasonal  and  daily  attendance  variations  described  in  Table  4-38;  this 
can  be  compared  with  the  available  dally  capacity  tabulated  in  Table  4-»19 
and  reshovm  in  the  final  column  of  Table  4-39. 

It  Is  obvious  from  the  comparison  of  current  supply  and  current  needs  that 
there  are  some  severe  deficiencies;  some  of  these  are  methodological  and  some 
some  are  true  reflections  of  present  deficiencies.  The  supply  inventory  is 
admittedly  less  complete  at  the  municipal  level  than  for  state  and  federal 
facilities  and  the  differing  attention  to  detail  given  by  the  SCS  among 
counties  for  the  private  supply  has  been  noted.  Nevertheless,  even  the 
most  detailed  field  survey  could  not  account  for  picnics  not  at  a  table,  or 
hiking  and  camping  completely  off  the  beaten,  and  inventoried,  path.  In 
addition,  it  is  likely  that  some  of  the  demand,  particularly  swimming, 
hunting  and  camping,  is  satisfied  outside  of  the  recreation  service  area. 
Observations  on  the  needs  for  individual  activity  facilities  are  made  below. 
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IV. D. 2.  REQUIRED  DAILY  CAPACITIES 

The  seasonal  and  weekly  factors  described  above  are  used  in  combination 
with  the  forecast  annual  activity  days  to  calculate  the  daily  capacity 
needed  to  satisfy  the  demand,  but  not  before  making  two  significant  adjust¬ 
ments  which  are  described  below.  Table  4-39  summarizes  this  calculation. 
These  adjustments  are  based  upon  the  fact  that  there  are  certain  differences 
in  the  concepts  which  define  the  demand  and  supply  measures  so  certain  ad¬ 
justments  are  necessary  to  bring  both  to  the  same  terms  for  comparison. 

One  of  these  differences  is  the  type  of  place  in  vrtiich  the  activity  takes 
place.  The  supply  data  covers  most  public  facilities  and  most  private  and 
semi-public  areas  where  the  public  has  access  whether  through  fees,  member¬ 
ship  or  sponsorship  by  an  organization  (such  as  in  Y  camps) .  The  partici¬ 
pation  data,  on  the  other  hand,  is  derived  without  regard  to  where  it  takes 
place,  and  much  of  it  takes  place  at  home,  at  a  neighbor's  home,  on  other 
private  individuals'  land  (particularly  Important  to  hunting),  at  apartment 
project  recreation  facilities  and  similar  facilities  not  included  in  the 
supply  inventory.  This  component  of  use  must  be  factored  out  of  the 
"demand"  before  calculating  the  supply  requirements  for  comparison  with 
current  supply.  The  adjustments  made  and  shown  in  Table  4-39  are  based  on 
responses  to  the  Ide  Associates  survey  regarding  the  type  of  place  each 
activity  was  engaged  in. 

A  second  adjustment  was  made  In  the  boating  category  to  address  a 
deficiency  in  he  supply  inventory  relating  to  the  inability  to  tabulate 
the  unlimited  resources  for  saltwater  'uoating.  Based  on  New  York  State 
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boat  registrations,  the  consultant  has  estimated  that  boating  demand  in 
New  York  is  approximately  30  percent  freshwater  and  70  percent  saltwater. 
Extrapolating  from  this  data  it  Is  estimated  that  Pennsylvania  demand  Is 
80  percent  freshwater,  New  Jersey,  20  percent,  and  Delaware  and  Connecticut, 
10  percent.  The  weighted  average  for  the  service  area  Indicates  38  percent 
of  the  boating  demand  Is  for  freshwater  boating.  So  an  additional  adjust¬ 
ment  (reduction)  in  demand  of  this  amount  has  been  made  for  the  boating 
category. 

The  adjusted  demand  In  terms  of  activity  days  shown  in  the  second  column  of 
Table  4-39  has  been  converted  to  needed  daily  capacity  using  the  factors 
for  seasonal  and  dally  attendance  variations  described  in  Table  4-38;  this 
can  be  compared  with  the  available  daily  capacity  tabulated  in  Table  4-19 
and  reshown  in  the  final  column  of  Table  4-39. 

It  is  obvious  from  the  comparison  of  current  supply  and  current  needs  that 
there  are  some  severe  deficiencies;  some  of  these  are  methodological  and  some 
some  are  true  reflections  of  present  deficiencies.  The  supply  inventory  is 
admittedly  less  complete  at  the  municipal  level  than  for  state  and  federal 
facilities  and  the  differing  attention  to  detail  given  by  the  SCS  among 
counties  for  the  private  supply  has  been  noted.  Nevertheless,  even  the 
most  detailed  field  survey  could  not  account  for  picnics  not  at  a  table,  or 
hiking  and  camping  completely  off  the  beaten,  and  inventoried,  path.  In 
addition,  it  is  likely  that  some  of  the  demand,  particularly  swimming, 
hunting  and  camping,  is  satisfied  outside  of  the  recreation  service  area. 
Observations  on  the  needs  for  individual  activity  facilities  are  made  below. 
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Table  4-39  Current  Dally  Capacity  Needs  and 
Available  Supply  jn  the  Recreation  Service  Area 


Activity  Days  (000)  Dally  Capacity  (000) 
Total  1/  Adjusted  V  Needed  3/  Available  4 / 


SwlmmlnK 

Pennsylvania 

168,723 

94,485 

2,173 

2,013 

New  Jersey 

169,232 

94,770 

2,180 

1,076 

New  York 

322,788 

180,761 

4,158 

1,464 

Total  RSA 

713,642 

399,640 

9,192 

4,912 

Plcnicklna 

Pennsylvania 

40,815 

28,979 

638 

474 

New  Jersey 

38,799 

27,547 

606 

71 

New  York 

76,072 

54,011 

1,188 

372 

Total  RSA 

167,686 

119,057 

2,619 

925 

Boating 

Pennsylvania 

22,208 

14.924 

239 

160 

New  Jersey 

22,753 

3,822 

61 

60 

New  York 

43,501 

10,962 

175 

321 

Total  RSA 

95,587 

30,511 

488 

567 

Fishing 

Pennsylvania 

29,955 

22,167 

222 

240 

New  Jersey 

28,642 

21,195 

212 

90 

New  York 

52,468 

38,826 

388 

482 

Total  RSA 

120,071 

88,852 

889 

851 

Camping 

Pennsylvania 

18,150 

13,431 

215 

118 

New  Jersey 

17,427 

12,896 

206 

38 

New  York 

31,511 

23,318 

373 

101 

Total  RSA 

72,583 

53,711 

859 

260 

Note:  Connecticut  and  Delaware  included  in 
recreation  service  area  (RSA)  totals. 

\l  From  Table  4-34. 

Adjusted  for  type  of  facility  and  salt¬ 
water  boating. 

V  From  factors  In  Table  4-38. 

4/  From  Table  4-19. 
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IV. D. 2 . (a)  Swimming 


Taking  the  recreation  service  area  as  a  whole,  swimming  facilities  appear 
to  be  Inadequate  to  meet  current  needs.  This  Is  apparent  from  the  severe 
overcrowding  experienced  at  the  beaches  and  major  swimming  areas  closest 
to  the  urban  population  centers  (such  as  at  Bear  Mountain  in  New  York) .  It 
can  be  noted  in  Table  A-39  that  the  greatest  shortages  are  in  the  New  York 
and  New  Jersey  portions  of  the  service  area  while  Pennsylvania,  with  its 
numerous  lakes  and  well  developed  state  park  system  shows  an  adequate  cur¬ 
rent  supply.  This  does  not,  of  course,  mean  that  the  supply  In  Pennsylvania 
is  distributed  in  the  optimum  manner  since  much  of  the  available  supply  is 
in  remote  mountainous  settings  far  from  the  urbanized  areas.  Even  if  it  is 
assumed  that  the  south  Jersey  beaches  outside  of  the  service  area  serves 
only  service  area  residents  with  its  daily  capacity  of  1,128,000  swimmers, 
there  is  still  an  indicated  deficiency  in  capacity  of  about  3,000,000 
swimmers  on  the  average  summer  Sunday. 

IV.D.2.(b)  Boating  and  Fishing 

When  adjusted  for  the  fresh/ saltwater  split  in  demand,  a  moderate  surplus 
of  boating  facilities  is  indicated  by  Table  4-39,  but  only  by  considering 
the  full,  and  currently  unused,  capacity  of  the  Hudson  and  Delaware  rivers; 
if  these  are  not  considered,  there  is  a  shortfall  of  approximately  80,000  in 
capacity.  The  consultants'  observations  concerning  boating  demand  in  the 
recreation  service  area  is  that  due  to  horsepower  limitations  on  most  lakes  and 

the  rapid  deterioration  of  the  quality  of  the  boating  experience  with  over¬ 

crowding,  there  is  a  great  demand  for  more  boating  space.  In  both  boating  and 
fishing,  New  York  is  relatively  better  off  than  the  other  two  major  states  in 
the  service  area. 
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lV.D.2.(c)  Picnicking  and  Caiglng 

Facilities  for  these  two  activities  show  up  in  the  table  as  being  grossly 
deficient;  but  in  these  categories  there  are  special  considerations  which 
make  the  deficiency  not  as  great  as  it  would  appear.  There  is  no  way  in  the 
demand  data  to  determine  the  share  of  picnicking  which  takes  place  on  a 
beach,  in  the  field  or  out  in  the  woods  and  not  at  a  picnic  table  —  the 
only  supply  measure  included  in  this  category.  Since  picnicking  is  often 
carried  on  in  conjunction  with  other  recreation  activities,  particularly 
swimming  and  boating,  the  true  current  deficiency  might  be  considered 
comparable  to  that  of  swimming  and  boating  where  a  significant  increase  in 
the  available  capacity  would  be  called  for  to  meet  current  demand. 

The  camper,  likewise,  has  considerable  flexibility  in  choosing  his  loca¬ 
tion  -  more  so  for  the  primitive  camper  than  the  family  with  a  motorized 
camper /trailer.  Nevertheless,  there  appears  to  be  a  true  deficiency  of 
camping  facilities  in  the  region.  Private  campgrounds  operate  at  capacity 
in  season  and  Pennsylvania  even  resorts  to  a  lottery  to  select  among  appli¬ 
cants  for  the  available  cabins  in  the  state  parks  and  forests. 


Allowing  for  some  outflow  of  camping  activity  from  the  region  and  con¬ 
sidering  the  primitive  camping  component,  it  can  be  generally  concluded 
that  50  percent  additional  camping  capacity  would  be  needed  to  satisfy 
the  current  demand,  or  about  110,000  dally  capacity. 


IV.D.2.(d)  Hunting  and  Hiking 

Hunting  and  hiking  demand  has  been  forecast  for  the  recreation  service 
area  but  these  activities  are  not  shown  in  Table  4-39  because  they  are 
not  susceptible  to  the  same  direct  comparisons  with  supply.  There  are 
some  differences  in  definitions  and  approach  which  are  not  reconcilable 
within  the  available  data.  Hunting  demand,  for  example.  Includes  sports 
shooting  done  at  target  ranges  and  gun  clubs  which  are  not  included  in  the 
supply  inventory.  Furthermore,  there  is  no  way  to  separate  areas  of,  for 
example,  deer  hunting  from  quail  hunting  —  with  their  widely  divergent 
capacities  in  terms  of  hunters  per  acre.  According  to  the  Ide  Associates 
survey,  over  40  percent  of  the  hunting  is  done  on  private  property.  Like¬ 
wise  with  hiking,  the  "official"  marked  trails  constitute  such  a  small 
portion  of  all  hiking  activity  that  demand/supply  comparisons  would  be 
misleading.  The  number  in  this  analysis  would  suggest  that  capacity  for 
additional  500,000  hikers  (including  both  wilderness  and  nature  trails) 
would  be  required  to  accommodate  all  of  the  current  demand  on  developed 
and  maintained  trails. 

To  a  great  extent,  however,  facilities  for  hiking,  picnicking,  camping 
and  hunting  can  be  added  at  minimal  extra  cost  within  large  parks  and  the 
deficiencies  in  these  categories  are  not  as  relevant  to  evaluating  DWGNRA 
and  alternative  recreation  solutions  as  are  swimming  and  boating  which 
are  highly  oriented  to  developed  facilities. 
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IV. D. 3.  FirrURE  CAPACITY  REQUIREMENTS 


The  final  table  In  this  chapter  Indicates  the  needed  additions  to  dally 
capacity  In  order  to  satisfy  the  service  area's  recreation  outdoor  demand 
as  previously  Indicated  In  Table  4-35.  The  total  activity  days  were  ad¬ 
justed  to  account  for  the  type  of  location  where  the  activity  will  occur 
and  for  the  fresh/saltwater  split  In  boating  demand  In  the  same  manner  as 
previously  described.  The  future  supply  needs  are  far  In  excess  of  any¬ 
thing  contemplated  by  existing  plans  within  the  recreation  service  area. 

For  example,  the  programmed  future  supply  (not  counting  DWGNItA  Itself) 
described  In  Section  IV. B.  provide  dally  capacity  for  an  additional  41,500 
swimmers,  14,900  picnickers,  23,100  boaters  and  11,100  campers,  vnille 
these  seem  to  satisfy  much  of  the  growth  In  demand  between  1973  and  1985, 
they  do  not  begin  to  address  present  deficiencies  which  are  generally 
estimated  to  be  3,000,000  swimmers,  300,000  picnickers  (at  tables), 

130,000  campers,  and  as  much  as  80,000  boaters  depending  on  the  use  that 
can  be  made  of  the  Hudson  and  Delaware  rivers. 

As  Indicated  In  Table  4-40,  the  forecast  Increases  In  need  In  the  short 
run  are  small  In  relation  to  the  estimated  current  deficiencies  although 
the  additional  needs  between  1985  and  2025  are  substantial.  For  example, 
dally  swimming  capacity  will  need  to  be  Increased  by  1,300,000  or  3,600,000 
(depending  on  the  growth  level  achieved)  just  to  meet  the  growth  In  demand 
to  say  nothing  of  correcting  current  deficiencies.  There  Is  a  wide  range 
In  needs  associated  with  the  three  regional  economic  growth  levels 
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described  In  Chapter  I,  but  it  is  more  than  just  a  difference  In  the  total 
population  level  which  Influences  recreation  demand.  Host  significant  Is 
the  distribution  of  the  population  growth.  The  low  growth  alternative 
visualizes  a  much  greater  concentration  of  people  within  the  urbanized 
areas  and  the  central  cities,  while  the  high  growth  option  calls  for  some 
thinning  out  of  population  to  present  rural  and  ex-urban  regions.  The 
low  level,  then,  would  Intensify  the  need  for  "urban  relief"  recreation, 
while  the  high  would  place  more  people  closer  to  rural  recreation  facili¬ 
ties  such  as  DWGNBA. 
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Table  4-40  Future  Dally  Capacity  H— d«d  to  SAtiafy 
Service  Area  Outdoor  Recreation  Denand 


EcoaoBfc  Growth  Level 


Low 

Hedium 

HlSh 

Total  Needed 

Capacity 

1985: 

Swlnalng 

10,152 

10,591 

10,880 

Picnicking 

2,720 

2.836 

2,912 

Boating 

589 

615 

632 

Fishing 

919 

960 

987 

Camping 

884 

924 

950 

2025: 

Swimming 

13,076 

14,650 

16,422 

Picnicking 

3,033 

3,398 

3,809 

Boating 

814 

913 

1,024 

Fishing 

1,069 

1,207 

1,356 

Camping 

1,025 

1,159 

1,303 

Change  In  Needed 

Capacity 

1974  -  1985: 

Swlimnlng 

960 

1,399 

1,688 

Picnicking 

101 

217 

293 

Boating 

101 

127 

144 

Fishing 

30 

71 

98 

Camping 

25 

65 

91 

1985  -  2025: 

Swimming 

2,924 

4,059 

5,542 

Picnicking 

313 

562 

897 

Boating 

225 

298 

392 

Fishing 

150 

247 

369 

Camping 

141 

235 

353 

Note:  Daily  capacity  in  thousands  of  visitors. 
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IV.D.4  CHASACTERISTICS  OF  FUTURE  RECREATION  NEED 


It  is  difficult  to  draw  hard  and  fast  conclusions  concerning  future 
recreation  need  because  of  the  uncertainties  underlying  the  statistical 
analysis  and  the  vagaries  of  management,  attractiveness  and  location  of 
any  given  facility  which  influence  the  extent  to  which  it  will  be  patron¬ 
ized  and  can  meet  the  need.  There  are  also  philosophical  questions  con¬ 
cerning  how  much  of  the  need  the  public  should  supply.  Crowded  facilities 
and  traffic  jams  attract  a  lot  of  attention  in  peak  periods;  but  this  is 
not  necessarily  justification  for  expanding  facilities,  so  that  everyone 
is  comfortable  on  a  hot  4th  of  July,  that  at  most  other  times  would  be 
underutilized.  Any  prudent  analysis  of  public  Investment  would  suggest 
building  for  an  average  summer  Sunday  (as  is  implied  in  the  capacity 
calculations  used  in  this  chapter)  which  means  that  even  if  the  need 
were  adequately  met  there  would  still  be  occasional  periods  of  over¬ 
crowding. 

Some  conclusions  are  possible,  however,  when  the  numerical  measures  of 
need  are  combined  with  the  consultants’  field  observations  and  other 
background  analyses  presented  in  this  chapter. 

1.  There  is  a  substantial  shortage  of  facilities  compared  with 
demand  particularly  in  the  more  urbanized  areas  of  New 
Jersey  and  New  York.  Crowding  at  existing  facilities  bears 
an  almost  direct  relationship  to  proximity  to  major  population 
concentrations . 
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There  Is  a  growing  awareness  among  the  public  of  alterna¬ 
tives  to  crowded  beaches  and  mass  attendance  facilities. 
Though  still  small  in  absolute  terms,  those  idio  appreciate 
hiking,  wilderness  camping  and  more  pastoral  activity  are 
much  more  sensitive  to  the  deterioration  of  the  quality  of 
the  experience  that  comes  with  overuse  than  are  swimmers 
and  picnickers.  The  land  requirements  per  visitor  for 
such  activities  are  orders  of  magnitude  larger  than  more 
Intense  experiences  and  the  land  resources  of  the  region 
may  not  be  capable  of  handling  the  demand  if  such  activi¬ 
ties  continue  to  gain  in  popularity. 

The  majority  of  the  recreating  population  are  still  willing 
to  tolerate  crowds  (or  they  wouldn't  be  there)  and,  in  fact, 
some  academic  literature  has  suggested  that  the  urban 
recreatlonlst  actually  prefers  to  be  around  people  and 
really  wants  to  pursue  common  activities  (such  as  swimming, 
picnicking,  playing  games  and  having  conversation)  in  a 
natural  setting  rather  than  to  have  a  completely  foreign 
experience.  Therefore,  no  level  or  pattern  of  facility 
construction  will  automatically  distribute  the  crowds 
evenly;  there  will  be  places  that  will  continue  to  be  "in" 
in  spite  of,  or  perhaps  because  of,  congestion. 


4.  Swlnnnlng  is  Che  most  popular  outdoor  recreation  activity 
and  the  one  with  Che  greatest  numerical  shortage  in  terms 
of  daily  capacity.  Furthermore,  the  gaps  shown  in  the 
analysis  only  reflect  current  and  forecasted  patterns  of 
participation;  any  deliberate  placing  of  supply  in  order 
to  Increase  participation  of  minorities,  the  autoless  and 
the  poor  (as  described  in  IV. C. 3)  could  require  millions  of 
spaces  more  In  dally  capacity. 

5.  Freshwater  boating  Is  severely  restricted  by  the  size  of 
existing  facilities,  and  horsepower  limitations  and  water 
quality;  In  many  situations  boating  and  swimming  activities 
conflict  to  the  detriment  of  the  quality  of  the  experience 
of  both.  As  an  Indication  of  the  lack  of  freshwater  boating 
opportunities,  the  1972  National  Recreation  Survey  Indicates 
that  the  south  region  of  the  United  States,  where  there  are 
many  large  lakes,  experiences  participation  In  waterskiing 
50  percent  greater  than  does  the  northeast  region  while 
swimming  participation  In  the  south  is  actually  less. 

6.  While  the  "quality  of  the  experience"  would  seem  to  be 
greater  In  more  natural,  less  crowded  conditions,  the 
state  forests  and  undeveloped  park  areas  within  the  service 
area  are  underutilized,  certainly  well  below  their  capa¬ 
cities. 
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As  a  final  point  in  discussing  future  recreation  needs  it  should  be  noted 
that  large  segments  of  the  population  are  currently  deprived  of  suitable 
recreation  experiences.  Some  of  this  is  due  to  the  lack  of  quality  in 
the  experience  caused  by  overcrowding  but  even  more  is  due  to  the  demo¬ 
graphic  differences  in  participation  described  in  IV. C. 3.  This  major  com¬ 
ponent  of  deprivation  stems  more  from  the  lack  of  mobility  than  the 
unavailability  of  recreation  opportunities  per  se.  This  problem  is 
properly  addressed  through  programmatic  means  in  the  short  run  and  through 
technological  means  (mass  transit)  in  the  future,  and  in  either  case  can 
be  accommodated  to  a  great  extent  by  more  efficient  off-peak  utilization 
of  these  existing  facilities.  This  is  to  say  that  a  deficiency  of  outdoor 
recreation  facilities  is  only  one  aspect  of  the  total  recreation  issue  and 
the  construction  of  a  statistically  adequate  supply  in  the  future  would 
not  in  itself  assure  that  all  of  the  recreation  needs  of  the  region  were 
being  met. 
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1071090 

1019 

2417000 

229)914 

2IIO4OI 

142515 

9451 

1IU7 

17190 

41900 

121702 

2009010 

M 

lOfAi 

1974 

409400 

971T92 

342549 

29209 

7042 

19999 

22020 

09009 

199099 

00091 

1909 

449100 

414171 

99U444 

93927 

5O0i 

11247 

19507 

54199 

1*0090 

10991 1 

1999 

924100 

449220 

445259 

97947 

9401 

4549 

19415 

91909 

192790 

279922 

1009 

97A900 

994994 

494410 

42944 

2454 

4544 

1092  9 

10940 

119191 

901922 

2019 

424900 

590141 

94  9  792 

44949 

2194 

9049 

0014 

19910 

72119 

402471 

1019 

470000 

4J1410 

9A2U4 

49441 

1509 

9019 

4074 

19197 

40294 

900950 

TASU  A«A.5«  — AOmAffOA  AAOJCCrCO  TO  2*024  6r  ifArC*  roC«S  tSlMO  lA«f  <ICCA(4ri0%  SiAVICS  AAfA* 
•V  CAM  QllMC*4»*tA  AMO  fANUT  INCOMi  |M  OOlLAAS— iU«  CAOUlM  S6AIC4 


707  AL 

TOTAL 

CAA 

POPU- 

9  AMO 

QmNImC 

UMOEA 

96.000 

07*000 

010*000 

019*009 

029*000 

$7011  ANO  VCAN 

kAllUN 

OVCA 

MOUSOHOLO 

NO  CA* 

94*000 

-6*090 

-0*099 

-14*900 

-24*000 

■NO  OVf A 

fOfAi  SfAVICC  AACA 

1974 

20790000 

27402240 

29211922 

427094? 

7)0)52 

1677694 

224)997 

4099041 

10919494 

0496A9I 

1000 

90049900 

20902071 

24315070 

4967709 

600214 

00002  7 

1440049 

3099914 

0049000 

11502499 

1000 

91701900 

209419*7 

25045072 

4406005 

9)4  764 

600200 

1070049 

2949197 

49)7410 

145420S2 

2000 

92402000 

90444 750 

24329375 

4617  304 

240176 

400620 

74)094 

1005040 

4272419 

2107)944 

2010 

91417400 

91740440 

27030420 

4730019 

1 70240 

)5«6t0 

960179 

1142476 

6623040 

24009700 

2020 

94400000 

92071921 

20024152 

4049160 

192500 

256699 

405546 

909901 

9199497 

27049497 

PA  fOTH 

1074 

72  40200 

4712100 

9055704 

096  906- 

160490 

610990 

449469 

1704131 

2900940 

1004220 

1000 

7440900 

4004000 

6005005 

0  70  004 

110519 

205046 

444690 

1100420 

2729600 

2127447 

1000 

7710400 

7179TOO 

*272000 

002720 

72514 

107620 

92 9076 

705  7  70 

2670741 

991905? 

2000 

7007400 

74  0  74  1  7 

6404550 

923050 

49  704 

190902 

2949A0 

9  72020 

2020929 

4902400 

2010 

0004400 

7492040 

4704201 

049754 

)4i01 

90291 

160042 

420920 

1667929 

5402540 

1029 

0924000 

7910000 

4050244 

940294 

23421 

49979 

117190 

902491 

1004690 

0404004 

Al  907AI 

1074 

4049200 

4111221 

544799T 

449024 

12)044 

290194 

900297 

1270004 

2900079 

1440009 

1000 

7112900 

4720902 

4025427 

702045 

00991 

179460 

295071 

741907 

2999914 

9124707 

1000 

7414100 

704051  7 

4320249 

7)2292 

9940) 

120690 

101590 

494097 

1024900 

4412921 

2009 

7027400 

74  1  00  20 

4659000 

)61039 

97079 

04079 

I91T01 

200941 

1242000 

9494134 

2019 

0249200 

7799434 

7000470 

794944 

27)45 

61609 

07009 

240194 

704692 

0572009 

2029 

0419000 

0172004 

7947144 

029040 

20044 

49499 

72002 

170407 

947764 

7900702 

NO  fOTAk 

1074 

19929100 

12911044 

0015144 

2504700 

109997 

791440 

UI0240 

2904440 

4900644 

9100107 

1009 

IJ0A77O0 

12797307 

10191010 

2426 160 

247752 

404497 

796400 

1722090 

6170400 

9374040 

1009 

14103000 

11102004 

10400027 

2609257 

101000 

990904 

904000 

1200719 

9471292 

7474914 

1009 

14904000 

19410474 

10055704 

2794600 

16105) 

244292 

942410 

■  76021 

2414417 

0950701 

2019 

14020000 

14010404 

11205115 

2014540 

100790 

102000 

240402 

490499 

1040940 

10001990 

2029 

19147000 

14901079 

11529901 

2060204 

0)002 

194779 

107241 

447917 

1449971 

12044071 

Cf  fOTAi 

1074 

1704100 

1979292 

1490424 

124020 

29040 

92020 

77140 

900099 

497792 

400700 

1009 

1770000 

1429209 

1404222 

120079 

14014 

94411 

41244 

149490 

994711 

000110 

1009 

1099000 

1702494 

1564807 

135557 

11727 

29000 

97014 

02000 

410040 

1127700 

2009 

1002000 

1773100 

1611401 

161900 

099) 

17000 

24902 

91940 

274920 

1309012 

2019 

1040000 

1090150 

U02I00 

147160 

4)71 

12492 

10409 

67791 

102071 

1900490 

2029 

2000000 

1097400 

1745317 

192201 

49)2 

0207 

14924 

99000 

102027 

1792940 

Pi  fOfAk 

1074 

409400 

971792 

942543 

20200 

7042 

19959 

22020 

00000 

199009 

•0091 

1009 

424000 

904400 

996)04 

30  902 

64)6 

10299 

121)9 

91172 

199709 

194591 

1000 

444000 

411212 

970009 

92100 

1294 

7279 

11494 

24707 

120070 

292902 

1009 

440000 

414490 

402992 

94  90? 

2919 

9909 

0949 

14600 

09499 

910719 

2010 

409000 

442027 

424999 

94972 

)40i 

9070 

4207 

19*29 

90749 

970011 

2029 

920000 

400940 

691092 

94910 

1290 

1049 

4710 

11740 

99009 

09M2O 

AM  •««(WiatlC.  IMT 
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rwu  *.*.»—faMufiaN  »wMtcTto  fo  i.us  tr  state,  tous  itiaNO  lm«  mcimtiim  tnvici  mm, 

•t  CM  OMtaSMI*  MO  tMUt  IMCilMS  III  MM  OOLIMS—HIM  MOHIM  SHIIS 


TOTAL 

total 
$  aAO 

CM 

SOM* 

QMtM 

VMMIl 

4A««0t 

$T»000 

iiOtOOO 

4I$«0M 

m«ioo 

tf AVt  MO  ViM 

LATIOH 

OVIO 

NMMMLB 

MO  CA4 

44t000 

*4*  WO 

*o*ow 

•  I4.0W 

•tOtfW 

ANO  OVfi 

lOtAV  MOVICf  MIA 

tOIMOOO 

tTAilMO 

21211122 

4270047 

TlOSft 

I4TT414 

IMIMT 

4051041 

1051 $454 

4454051 

loot 

MOSAtOO 

SOiT$«l| 

254422$0 

4$li$4l 

$0t$A4 

1045742 

l$40044 

4140074 

10477047 

12459401 

tow 

SSTIOOOO 

111  TJlll 

2*410122 

4741$$0 

$41121 

T9$044 

II 40104 

2417441 

020404T 

10742000 

toot 

MISSOOO 

ISOrOOAA 

iootiilo 

4044124 

241500 

$$1474 

•4TTIT 

2041500 

722944$ 

25021472 

Utf 

AOOIAOOO 

lOASOAtl 

AA44A24$ 

$214157 

107414 

4I41II 

451244 

1504214 

$204111 

$0591442 

lots 

AMOMOO 

AltlAOSI 

l$744$4t 

$420140 

144104 

$00074 

44M02 

II0I244 

$75054$ 

ni  lot Ai 

tOH 

TMStOO 

ATWIiO 

$4$$t04 

i$4$44 

140414 

4I4$$0 

441441 

IT44I11 

2900$44 

1044220 

lOM 

MStMO 

taimio 

4404474 

025014 

117041 

$04494 

47  7041 

1241240 

2915041 

2104000 

1000 

$$$1000 

T0$04$0 

400010$ 

040204 

74224 

214140 

$$444$ 

••1151 

27144$$ 

5404450 

tool 

OllAlOO 

•sfriit 

T$$402$ 

IOU007 

$4  797 

140144 

ITIITt 

442542 

/$14144 

9090  749 

loto 

OAOSOOO 

0IIA«I$ 

4104414 

1044001 

17  740 

115044 

201440 

$06411 

1711244 

4579514 

totf 

lOlAOOOO 

0440204 

4$44$41 

1102  711 

25717 

74441 

142000 

172227 

124IM1 

7404474 

Ml  lOfAi 

• 

lOfA 

MASlOA 

4111121 

$447107 

441424 

121044 

250154 

100257 

1270404 

2500071 

1440945 

IWI 

ilAAOOO 

T40000$ 

471744$ 

7Sli$0 

•0074 

102444 

241710 

•48444 

2424$ 14 

i4r$io4 

tow 

01  rtoM 

A400000 

7472$04 

4/4442 

45020 

IA4144 

21/050 

$56011 

220117$ 

5200474 

100$ 

lOUAfOO 

OOTOSOA 

4571442 

»0011« 

45242 

106241 

144404 

140544 

1541972 

7292441 

MIS 

1004 MOO 

lOllOOOi 

0171104 

04440$ 

11091 

74460 

124424 

100961 

1024914 

4741041 

MM 

IlfISOOO 

11104040 

10042500 

1024 181 

24140 

94411 

01010 

214244 

7IT404 

007702? 

Nf  TOTAL 

IOTA 

IlStSlOO 

IMIIAAA 

0015144 

2504700 

10$0$7 

711444 

III0244 

2504460 

4400444 

$144107 

lots 

|«iA4000 

I12124IJ 

10574/75 

2454114 

271511 

404417 

7504$$ 

17/2724 

4124001 

5414071 

tow 

ISIAfOslO 

IAI0AS$A 

11424252 

2  744104 

200007 

155577 

$11720 

1240612 

1704422 

•114000 

100$ 

lAIIAOOO 

l$tlA2r4 

t/257924 

2457250 

150015 

240012 

$44000 

016661 

2442144 

10414454 

Mil 

uoroolo 

lAOioru 

lilttUltO 

201^592 

1144/2 

107407 

20/540 

497757 

2149021 

t2545}14 

tOM 

ITOISOOO 

ITOtATOO 

110040*0 

$025720 

0O04I 

144544 

214421 

510607 

15041$$ 

14440424 

Cf  total 

IOTA 

ITOilOO 

ISfS252 

1450424 

124420 

25440 

$2020 

T7140 

100451 

4$7T$t 

440700 

ioi$ 

lOSAOOO 

IfOAlTf 

1451440 

142404 

14444 

14144 

45540 

140698 

417144 

404010 

100$ 

tllAOOO 

20ir02t 

1454017 

I4U1II 

11412 

28264 

41504 

07551 

401*20 

1110952 

100$ 

tiwoao 

22A4SOA 

2070255 

174 141 

10512 

21451 

11044 

46511 

$41457 

1775177 

MIS 

tAlAOOO 

2477044 

2241  707 

106001 

4221 

14754 

25417 

41210 

21504$ 

2140702 

tOM 

2AAOOOO 

-^'troAJoo 

2400441 

211450 

4177 

12045 

10077 

64474 

141122 

2474701 

01  TOTAL 

IOTA 

AOSAOO 

1TI7$2 

142541 

20209 

7042 

15155 

22420 

40400 

195405 

OOill 

lOAS 

ATiOOO 

41$0)A 

401445 

14251 

5224 

11154 

11442 

57401 

171149 

174112 

100$ 

$AAOOO 

$0t»A4 

442140 

10404 

1044 

•475 

1104$ 

12574 

154510 

/•I 700 

100$ 

AIIOOO 

$40442 

524144 

44404 

1014 

4*04 

1040$ 

21444 

I2IT44 

404749 

Mil 

ATtOOO 

411007 

$41420 

40574 

2104 

$412 

•570 

21205 

77147 

514077 

tots 

TtSOOO 

44447$ 

420040 

$$T14 

ITI$ 

4111 

4574 

14140 

90029 

404044 

TMU  MMLAtlQN  NNajeCfiO  tO  l,0ii  St  StSIf. 

TOCRl  tSLANO  LART 

MCAiATIOM 

STAViCt  Mf4» 

ov 

AACi  AMO 

40i**«C01U0 

MOMfH  SIAItS 

TOTAL 

4$ 

$  ANO 

4N0 

OTIA 

MHITC 

NOMMMIfC 

$-0 

10*10 

20*20 

$0-44 

65-54 

$5-45 

OVfA 

TOTAL  SMVICI  AAlA 

IOTA 

tTAAIlAO 

2101045$ 

l$ft4|4 

2207474 

5221141 

44500/1 

$100400 

1407044 

2944111 

$244424 

100$ 

MSiriOA 

2544207$ 

1715020 

2287042 

4402 147 

5114144 

7144020 

1476/5$ 

2064025 

1404042 

100$ 

SUTIAII 

27740442 

1491741 

2505/01 

4701640 

4i600l$ 

•114002 

6107126 

1201004 

4107124 

100$ 

SITIIATO 

20411054 

1040421 

2101 720 

5174055 

4164U42 

7941011 

9160407 

6121072 

4/4$rTl 

MIS 

JSSIAIAA 

1U405VJ 

4171771 

2/11440 

9454742 

4124554 

•47V444 

5646504 

6141660 

441A$$4 

tots 

SATTQTIO 

1254441$ 

207J540 

41/4472 

42 72444 

0000020 

$721004 

6547104 

4001040 

OA  total 

IOTA 

ATItlOO 

$044124 

747454 

$55444 

1117441 

1104079 

1271624 

019042 

T51TIT 

•1145$ 

100$ 

riO$l2A 

4404445 

700110 

540041 

llOliOO 

1242144 

1444047 

005010 

725445 

04$00T 

100$ 

TAJtfIT 

4417150 

414147 

414455 

1144/61 

1011 144 

1011074 

100/240 

401A44 

1040442 

too$ 

OOAIIAO 

7200104 

812101 

54/ 101 

11/5  764 

1019644 

1410201 

1254226 

1004444 

104740$ 

MIS 

•AOTAAS 

7544441 

442744 

517042 

1414746 

1000172 

1011244 

1127041 

1044054 

1111144 

tots 

OTSAAOI 

T444024 

44  7444 

445042 

1401001 

095210 

2041022 

1140740 

II07I24 

1224440 

«M  total 

IOTA 

Alllttl 

5421042 

400170 

555140 

1214604 

1041161 

1244012 

464771 

440547 

442779 

100$ 

.  TIOAIAA 

4520520 

774620 

505 145 

1114095 

1/40125 

1411114 

407021 

T 10054 

479944 

100$ 

iOOAOIA 

T2A404I 

411445 

400514 

U54145 

1042740 

2144101 

1061901 

•15444 

100424$ 

tool 

AtOlllf 

7021111 

44501$ 

459525 

1440444 

11/1444 

2111191 

1162410 

1074444 

1015217 

MIS 

OAIIAJO 

4504704 

01111$ 

422215 

1594000 

11/8108 

2110414 

165*404 

1140514 

1145742 

tots 

OOSIT20 

4074044 

072712 

547220 

1400495 

1110415 

240027$ 

1567447 

1241041 

1255005 

NO  TOTAL 

IOTA 

IMIIAAA 

10541547 

IO701I7 

1011141 

2/45000 

2174124 

2441600 

I4T1000 

1142141 

1541004 

lOAS 

IIViOAAA 

10040220 

1000415 

044250 

1847447 

2 14* 104 

$125414 

1400470 

1200444 

1700451 

100$ 

IlSOATAO 

11547145 

2047404 

1074 140 

1077044 

1006/20 

142400$ 

1740212 

1411110 

1417547 

tool 

lAirOtAT 

12141027 

2027*40 

070774 

2144445 

1471400 

1400514 

2160646 

171424$ 

1475MI 

MIS 

IAI14140 

12$ 70471 

2145494 

•91410 

2151420 

1442194 

$$•2444 

2241040 

1 707422 

2004111 

MM 

isisotro 

11024072 

2115204 

427040 

2414040 

1705210 

$740104 

1524124 

144144$ 

2141102 

CT  TOTAL 

IOTA 

isrsisi 

1440040 

114101 

117405 

110117 

250471 

10$049 

214  7$r 

172192 

174745 

toss 

ITISOtl 

|$40004 

124017 

117400 

241451 

101442 

4100/0 

214*5$ 

172109 

214404 

100$ 

lAAlOll 

172004$ 

114144 

157000 

244441 

240047 

441422 

245004 

197147 

242477 

tool 

toitlio 

14474$! 

144444 

144124 

124744 

t9$4$4 

4$4$17 

122240 

254$4T 

244 427 

MIS 

2IAIS$0 

t0077f0 

154970 

117 751 

145014 

2$$$44 

$00100 

191011 

241457 

270111 

tots 

ItOlllA 

2120712 

141404 

111774 

145104 

240212 

$$TOI$ 

174002 

$00470 

$024$$ 

ot  TOTAL 

IOTA 

iriTst 

122001 

44750 

15475 

•  1040 

4T702 

T4000 

44540 

$5720 

$2027 

lOM 

AtAiri 

14i$jr 

$$414 

17204 

7142$ 

42121 

10700$ 

44070 

17449 

4044A 

100$ 

A$l2i0 

010441 

41170 

45071 

•1112 

71402 

1$2$04 

$4724 

41474 

4021? 

tool 

SIAOSA 

444247 

70440 

4100T 

07414 

T$414 

111410 

77110 

41024 

$0941 

MIS 

$00141 

$127$$ 

77404 

42100 

111244 

77014 

144440 

•$414 

44002 

$7012 

tots 

411110 

$44042 

42444 

41540 

llltlO 

•2410 

tooooo 

$l$$4 

740 $A 

4$040 

IM  MSOCUtlS.  INC 
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TMU  — KIPUUVIOII  9IIOJICTCO  VO  ItOSt  tV  &TAVt»  fOCAS  iSiMlO  IMI  ftlCftlMIQO  SfOVICf  AM** 

•V  RACi  AMO  AOi— iOM  CAOMVM  MAIfft 


trofi  AMO  VCAI 

OVOA 

MNIft 

NOMMNltt 

0-0 

to-io 

2t-tt 

90-40 

*»-•* 

99-*9 

evtii 

lOVAt  90AV1CI  AAfA 

1974 

27402249 

2)910094 

2971419 

2297074 

9220)41 

4*90021 

9904000 

9497000 

2444317 

9244020 

1009 

20)02071 

24711014 

34710)9 

21097)2 

421)0)1 

9110340 

404002 1 

)9))104 

2432091 

9494742 

1009 

29941947 

2974)147 

)77O0O0 

240442) 

4490947 

40  70424 

7744410 

)04404) 

3002107 

3429209 

2009 

MA4A799 

2474)410 

100)141 

244)447 

4070499 

3409770 

72)0004 

4704094 

3772394 

3403970 

2019 

11700440 

27700021 

9904429 

1944)11 

9294127 

907107) 

74212)7 

44)3404 

1494019 

4101774 

2029 

22071)21 

207922)2 

4079009 

10)00)) 

9424410 

9049  147 

00)0404 

9127)04 

4111190 

444*427 

OA  lOfAi 

4712100 

1974 

9944124 

747094 

999044. 

1)17441 

1104474 

127)424 

419002 

731717 

•11499 

1909 

0004909 

411)10) 

771724 

92440) 

1092)40 

1200404 

1412074 

044417 

449047 

424*** 

1099 

7179700 

0)04704 

100994 

917024 

11147)2 

470442 

101)007 

442740 

799413 

1000434 

2009 

?407At7 

4402940 

009077 

9144)3 

12U2I4 

4401?) 

14T22I1 

1140044 

4)0707 

440410 

2019 

7092049 

4A27942 

02400) 

444442 

1)00012 

412204 

179)014 

1204423 

470114 

1039007 

2029 

1910)00 

7QA729) 

0)1247 

4)0409 

1)9)40) 

40)944 

1044402 

129)449 

10094*1 

I1149BA 

«i  roroi. 

1974 

0)11221 

9421041 

440140 

999)49 

12)4404 

104)34) 

12440)2 

•40771 

*00947 

*02779 

1909 

0720992 

9940441 

1)7491 

94944) 

1020079 

1100949 

1444244 

0300  97 

44410) 

407340 

1999 

7000917 

4242442 

747079 

4044)4 

1042490 

0944(10 

100)4*1 

419994 

7)4044 

AT4724 

2009 

7410420 

4414)24 

744944 

944*70 

U 10147 

V44020 

1742279 

11)4103 

411)49 

447402 

2019 

77994)4 

4944129 

0)1)09 

90797) 

1)12034 

4)4104 

1411792 

121)443 

47)390 

442240 

2029 

0172904 

7)04442 

04)024 

474729 

130)390 

4)79)9 

2040470 

I2A0740 

102*440 

I024**0 

NT  TOTAl 

1914 

12)11044 

10541947 

1470)17 

1019)0) 

2209044 

21T4I24 

2401400 

1473404 

1142141 

194100* 

1909 

12797)07 

10)44121 

144)244 

491411 

1014907 

2)40444 

3070770 

1900490 

127*029 

1*07270 

199) 

1)142004 

11144)90 

2049)34 

1034047 

1400424 

1094270 

3914274 

1712044 

1173401 

170*707 

2009 

1)410474 

11914024 

204)440 

432  704 

200)124 

10UT27 

324)394 

2090424 

1490447 

1010407 

2019 

14014404 

lli)A944 

2141040 

041292 

2224492 

1749417 

3414940 

214*2)2 

1714240 

1420044 

2029 

14)41079 

12207000 

210)449 

774494 

2204237 

1724090 

397)4)2 

2210021 

1711447 

CT  fOTAl 

1974 

1979292 

1440444 

114)0) 

1)7409 

310117 

2940V1 

30)449 

214797 

1T2I42 

174709 

1909 

1429249 

1907421 

117)74 

1)0)09 

290009 

209079 

300740 

203992 

141200 

209940 

1999 

1)02494 

1974742 

122442 

144209 

24)437 

220902 

4)447) 

224971 

100040 

221004 

2009 

1771104 

1449997 

127992 

12A4I4 

207A41 

229411 

403V4I 

20)40t 

22743* 

219907 

2019 

10)4390 

1107124 

1)2224 

mil) 

311300 

217072 

42)040 

240474 

234)21 

290229 

1029 

1047400 

174104) 

1)4907 

104000 

SliOOO 

2UOUO 

444400 

)I0I)0 

240*70 

290400 

Of  VOfAl. 

1974 

971792 

)2244) 

40794 

39479 

•  lOiO 

0  7  702 

74444 

44944 

39720 

32027 

1909 

104400 

3)9470 

90710 

1)420 

49244 

19040 

40)44 

42020 

34)40 

3*000 

1999 

411212 

191277 

9)4)9 

30)94 

70414 

41102 

1120)0 

40271 

30*44 

41032 

2009 

4i40J4 

374)49 

9  7270 

39444 

74241 

414)4 

10444) 

42471 

90004 

44272 

201$ 

402927 

402209 

40710 

3)0)1 

07241 

411)2 

114044 

47)04 

934*4 

4939* 

2019 

490)00 

424044 

44)14 

32240 

•7000 

4)440 

124000 

72440 

900*0 

904*0 

TAOkt  A.A.AA— RORUiAffOM  AAOJCCfCO  VO  2*02$  AV  SfAff*  rac«$  ISiANU  iMC  AtCAIAriON  SCAVICC  AAfA« 
AT  AAAC  AMO  A6f— MICH  CHQMfM  SCAIfi 


9  AMO 

OTCA  MMITI 


l74Ai2*f  0««)A»9 
JOITMII  2*iJ09ro 
JliriACI 

MmAA  JIT*7<5t 
JAA>942^  JA7A>li« 
AliAATSI  AAAItOT) 


AfUlAO  99191^9 
TAiaOlO  AAA7IAA 
T999AA9  Tt^AAAl 
A97TA}| 

flTAAI9  A<AI9A4 

9AA9I9A  9799419 


49IIA2I  94^1041 
7490999  47004A3 

A499040  r4Ji974 

947099A  A929V71 

I09I400I  9iil4<9 

1I1V49A0  100)9409 


1A9IIA44  10941944 
l)2M4l)  11209719 

14194994  1209)077 

19114270  12941 7IA 

140)9711  1)001970 

17024700  I471494J 


1979292  1440949 
1794277  1444)29 
20I70IA  1071977 
2240)94  2U07I20 
2477000  2300709 
2704)00  29112)4 


971792  )2299) 
4)99)4  170799 
901940  4)9702 
94AA42  49421) 
4)1007  940244 
40)479  994004 


NOMMMitO 

9*4 

3414*19 

2247474 

)404V4i 

2)91910 

401 1224 

272*24) 

*2t24»i 

2971971 

43T424* 

2*12071 

4947074 

2))2II7 

742494 

99904* 

144422 

944294 

0)10*4 

4*1 104 

•4)4U 

400)4* 

040029 

949 ))9 

909411 

9)7072 

440174 

999)44 

740412 

41100* 

449*44 

7)9242 

4^0629 

710122 

1007)74 

403174 

1047)79 

4971*9 

1470)14 

1013)4) 

2027340 

442147 

2ltfi*T4 

11)0201 

2112940 

1090 **> 

22)01)) 

400944 

2)00197 

4)7900 

114)0) 

1)7409 

124992 

14)091 

1*9*91 

1 70420 

141274 

14)97) 

17714) 

1974)4 

14)044 

149490 

40794 

39479 

97177 

30240 

49704 

44  744 

74404 

444)7 

02743 

4902) 

04471 

44990 

10-19  20-29 


9220)41  4490021 
4924)))  9492VV4 
90)0900  4940077 
9IT7774  444711) 
4440040  4440949 
4009412  474940) 


I) 17441  1104979 

II) 4)90  1)01047 

1440442  1079441 

1414111  1007V4) 

1949477  1091290 

1499717  1102)00 


12)4404  104)34) 
1147191  1)1)141 
1)19900  1144999 
1991404  1204900 
IT40010  12)4422 
1090110  127)240 


22A9099  2174124 

1A9)I4  2  24  )  7700 
2071494  19019)7 

2)41019  1907010 

2907470  1949049 

2790040  1999140 


310117  299071 
274010  319409 
JI2404  270214 
34910)  204  791 
419)40  292094 
494409  309000 


01000  47702 

7J4I2  04404 

04494  K920 

10)299  00041 

11094)  02)20 

122929  09179 


)0-44  49-94 


9199000  1497040 

7)40079  3771099 

07)7)02  4297001 

09170)9  99072)4 

9299997  9902449 

10097109  4409904 


127)424  919002 
1741007  9)))4) 
2014410  1044490 
1942041  1)40911 
2IO7II0  1449190 
22407)9  192724) 


12440)2  040771 
1040041  919929 
227)044  1091049 
229))4»  1442049 
2942994  1999104 
270)499  1724940 


2401400  147)909 

1190740  14494)0 

3790979  10)4244 

34)0774  220)012 

)910?A0  244009) 

424»4  1  2410200 


10)949  214  797 
42920)  124719 
121922  244190 
1129)0  140249 
974000  402442 
4)9990  442412 


74999  44949 
1 10094  40202 
1)74)1  90070 
1)0497  01)04 
1)4979  91790 
1 74000  100990 


99-49  09tM 


2444917  1244020 
1024)10  )90?A94 
344)901  4)09041 
4419700  4942019 
4004911  90)1201 
91)42?2  9942090 


7))7|f  011491 

740)99  9999)2 

0)7410  1109010 

1074912  111907) 

114074)  121)474 

1224991  1)97040 


000947  002799 
7)7990  902119 
079499  10909)9 
1194240  1110)00 
127902)  1290)70 
1)0)002  1)94700 


1)42141  1941000 

1)19412  17494)4 

1472)01  1914042 

10)0921  1909901 

194200)  2174029 

2092924  2M2OI0 


172192  t7AM9 
109179  224027 
21)400  202400 
200049  272797 
322070  909290 
)949)0  )99990 


I9T20  91029 
)07I4  41900 
4720)  90040 
09294  9)700 
7)904  01024 
00977  n090 


lOA  AOMCIAfISt  IHC 


IV-153 


••■t*  MMIMION  aAffti  I*  ACTIVItMt.  AT  CM  IWItAIHIA 

Uta  AMILlr  laCOMi  »*»* 


Activity  ANB  VAtl 
NA2fNt*fAAri(IAAtlKC  AAMMllt 

ACtIVIIt  DAYS  »tA  AAAIICItAAl 
ACtlVIlt  OATf  »fA  CAtItA 

MACtSt'tAAMCIMtlNO  AANUAllT 
Activity  OATS  AtA  AAHIICIAANI 
Activity  OATf  AfA  CAAITA 

SIOMfSCflMG  OA  OAtl^lNfi  FO*  AlfASUAff 
MACfM  MAIICIAAfINC  ANNUALLY 
ACflVITV  OATS  »CK  AAAIICIAANT 
ACfIVIfV  OAVS  PM  CAPITA 

PiOCiS»*Mllf  ICIPAIINC  ANNUALLY 

Mrivir?  AAvs  ppp  pAAficiPAwr 

ACtlYlfV  OATS  PIP  CAPITA 

•OATINC*  CANOfiNC  OA  WATCASAIIM 
PIOCIOT  PAATICIPATINC  ANNUALLY 
ACflYltV  OATS  P<A  PAATIClPANf 
OCtlVlfV  OATS  PiA  CAPUA 

PfAcfNr^pAATicjpAriNC  annually 
ACTIYITY  OATS  PfA  PAATIClPANf 
activity  OATS  PtA  CAPITA 

PCAcSST'pAAflCIPAffNC  ANIAIALLY 
ACTIVITY  OATS  PfP  PAATICIPANT 

activity  OAVS  PiA  CAPITA 

NlAmO  OA  NATUAi  NAl«S 
PCACtNT  PAATICIPAtiNG  annually 
activity  OATS  PtA  PAATIClPANf 
ACTIVITY  OAVS  PtA  CAPITA 

PCACINT^^ATICtPATlNG  ANNUALLY 
ACTIVITY  OATS  PtA  PAATIClPANf 
ACTIVITY  OATS  PCA  CAPITA 

NOASCMCA  AIDING  ^ 

PCICfNT  PAATICIPATING  ANNUALLY 
ACTIVITY  OATS  PIA  PAATIClPANf 
ACTIVITY  OAVS  PtA  CAPITA 


PIACfNf  PAATICIPATING  ANNUALLY 
KfIVifT  OATS  PtA  PAAtlCIPANT 

activity  OATS  PCA  CAPITA 
ICC  SAATIN6 

PCACCNT  PAATICIPATING  ANNUALLY 
KfIVlTV  OATS  PCA  PAATICIPANT 
activity  OAVS  PCA  CAPITA 

AOiP  OP  NlNlATVAf  GOtP 
PfACCNf  PAATICIPATING  ANNUALLY 
ACTIVITY  OATS  PCA  PAATICIPANT 
activity  OAVS  PCA  CAPITA 

PtOcSSS’pAATlCIPAflNG  ANNUALLY 
ACTIVITY  OAVS  PCA  PAATICIPANT 
activity  days  PCA  CAPITA 


CAA 

‘OHOCNC 

MMOOO 

OVM  MMiSiMOLO 

NO  CAO 

44*000 

49*1 

49.0 

20*4 

29*0 

St*4 

41*0 

44*2 

21*9 

24*0 

21*4 

7.0 

4*4 

ro.o 

r2*2 

44*0 

44*2 

4*4 

4.4 

4*4 

4*2 

4*0 

4*4 

2*0 

2*0 

lAf 

ri*s 

rA*4 

44*9 

•  47*4 

2S*S 

14.4 

19.4 

24*9 

14*9 

IT.4 

0*9 

11*0 

44*2 

90.1 

10*9 

19*7 

44*  S 

44.4 

02*1 

47*2 

Sl«l 

4L.4 

41*4 

14*4 

14*4 

42.1 

9.4 

14*2 

0*4 

0.4 

9*4 

4*0 

4*4 

2.T 

4*4 

0»T 

42.0 

44*4 

4.9 

14.0 

14.4 

14.4 

1?.& 

20.0 

4.r 

4.9 

1.9 

2.0 

IA.2 

14.9 

0.7 

0.4 

14.0 

44.9 

t.O 

21.4 

2*1 

2*4 

0*0 

1.1 

AO.  4 

42.2 

20.0 

19.T 

IT.4 

14*1 

24.7 

10.4 

f.2 

T.4 

4.7 

4.7 

24.4 

2f*4 

4*4 

9.4 

Il«l 

14*9 

4*2 

T.9 

2*4 

4*0 

0*4 

0.7 

IU2 

tl*4 

4*1 

4*4 

14.0 

ir.v 

4*0 

7*0 

2*0 

2*1 

0*2 

4*9 

SNOvvatuts 

4*4 

U.2 

12.7 

1*4 

24.4 

24.9 

4*4 

4*4 

4.0 

4*2 

4*1 

0*4 

22*1 

22*4 

4*0 

7*4 

4*4 

4.7 

14*4 

4*2 

1*4 

2*0 

0*4 

9*4 

42*4 

S0*4 

7.4 

7*4 

14*4 

14*4 

4*4 

4*4 

4.2 

4*1 

0*4 

0*4 

29.4 

24*4 

4*1 

9*4 

21*2 

21*4 

14.0 

17*9 

4*2 

4*4 

0*T 

1*7 

AAvOOO 

•OtOVO 


CT.A 


if*? 

T.A 

4*0 


AA*0 

!»•! 

14*9 


Clot 

Si*4 

II-4 


I4.T 

1*0 


IT*4 

CloO 

s*o 


10*0 

tf.O 

1*9 


tA*9 

C4o4 

r*4 


IS*4 

9.4 

Ut 


4*T 

?»T 

0*4 


4*4 

one 

1*4 


4*0 

•*l 

0*4 


10*  T 
T,4 

0*0 


9«» 
14*  T 
t»9 


•7*009 

•lOtOOO 

019*000 

429*000 

-9*999 

-14*999 

-24*999  ANO  OVIO 

44*9 

74.4 

U.f 

04*4 

29*9 

I0.7 

44.9 

49*7 

17*1 

24*9 

40*4 

44*4 

79*9 

79.4 

79*4 

49*2 

•*T 

9*9 

0*0 

7*4 

4*4 

7*9 

4*7 

9*1 

T2*4 

74*4 

00.4 

•1*4 

24*9 

24.4 

24.0 

10*2 

17*4 

10*1 

10*9 

14*0 

44*0 

94.0 

44*1 

49*4 

47*4 

44*9 

49*9 

44*0 

24.4 

44*4 

41.4 

42*4 

24*9 

>9*4 

40*4 

44*7 

7*4 

7*0 

0*0 

11*4 

2*0 

2*4 

4*9 

9*1 

41.4 

47.7 

44.0 

49.9 

1A.4 

14.7 

12*9 

10*1 

4*4 

4*4 

4*0 

4*0 

14*1 

14.4 

14*4 

U*4 

14.1 

17.4 

9*0 

14*4 

2.4 

2*9 

1*4 

1*9 

44*4 

47.1 

49*2 

44*4 

14*7 

19.1 

14.4 

14*9 

0*2 

9.0 

4.2 

7.4 

29*2 

24*4 

44.1 

40*1 

14*4 

U*4 

11*7 

9*0 

4*4 

1*4 

4*4 

2*7 

10*4 

12*4 

14*4 

19*9 

19*9 

2I«» 

4*4 

44*4 

2*1 

2*4 

0*9 

4*4 

14*1 

14*4 

19*4 

14*4 

29*4 

24*4 

2U1 

11*1 

4*4 

1*7 

9*4 

1*0 

19*9 

24*4 

42*4 

42*4 

4*1 

4*4 

10.S 

4*4 

1*4 

2*1 

4*4 

2*1 

29.4 

42.0 

41*4 

44*4 

10.4 

11*4 

14.4 

17*4 

2*7 

4.7 

7*0 

0*1 

17*1 

24.4 

47*9 

49*0 

12*4 

20.4 

2U9 

•1*1 

2*2 

9.4 

0*0 

19*9 

IM  ASSOClAfCS*  IM* 


IV- 154 


tCTivirv  *Ne  Mtf 


1 

f  I 


TMia  AtUfAtlOa  AMTICIMtIflH  Mtfta  l«  •»  •« 


Ji 

PUk 

evio  * 

AM 

tCTIVirV  AM  Mtf 

HMITl  NOHNNITf 

0-0 

10-to 

20-20 

•0-44 

40-04 

*0-44 

wm 

Mail<<t''iMtlCIMIINS  ANHUAll* 
ACTIYITV  OAtS  A(A  tAAIItlAAKI 
ACIWItt  BAtS  fit  CAfltA 

00*  1 

SS«A 

tS.4 

At*0 

ii*» 

lut 

44*4 

22«t 

IO*t 

02*0 

42*0 

20*0 

01*0 

20*4 

22*0 

02*4 

20*4 

22*0 

n*v 

20*7 

20*2 

04*0 

24*0 

i2*r 

•2*0 

t0«2 

0*2 

11*7 

20*1 

1*4 

MACfSf  **AAMCIAAtlI(G  AMWAlt* 
ACIIVItt  OAT*  «A  AAtflCIAANI 
ACtIVItV  OAT*  MA  CAAIIA 

f0«0 

0«0 

4*0 

n*o 

0*0 

0*0 

04*4 

T*0 

4*0 

00*0 

tO*2 

0*i 

TT.O 

T*0 

0*1 

02*0 

0*2 

0*0 

tr** 

0*2 

7*4 

04*0 

7*0 

0*1 

•0*0 

V»0 

4*0 

•0*2 

0*2 

1*2 

(lAHTUtlAC  OA  BAITING  TOA  AUAIUAI 

MOCfNT  AAAIICIAAtING  ANNUAllT  M.J 
activity  OAT*  AfA  AAAIICIAAMT  !*•* 
ACTIVITV  BAY*  At*  tAAITA  IA-* 

ts«t 

02*0 

to«o 

A0*9 

ss*o 

20*0 

01*4 
'  21*4 
lt*4 

t0*4 

24*2 

lt*l 

02*2 

90*2 

20*1 

77*2 

20.2 

12*0 

71*4 

10*2 

12*0 

44*2 

21*7 

14*4 

21*1 

22*4 

12*0 

AIACCNT  AAATIGIAATING  ANNUALIV 
ACTIVITV  BAT*  VIA  AAAIICIAANT 
activity  BAV*  at*  tAAITA 

A«*t 

AS.S 

ll.S 

40.2 

AS*S 

10*4 

41*0 

t0*4 

•2*1 

01*4 
110*  t 

00*1 

02*4 

00*0 

tr*A 

20.1 

20*0 

22*9 

47*0 

27.4 

12*2 

20*4 

22*2 

10*1 

lo.r 

21*1 

2*2 

••1 

22*2 

1*0 

BOATING.  CANOflNG  0*  HATfAIAIING 
AtACINT  AAATICIAAIIAG  ANNUALLY 
ACTIVITV  OATS  AT*  AAAIICIAANT 
activity  BAV*  AiA  tAAIIA 

SS«V 

0.0 

>«0 

SI*S 

0«S 

2«V 

10*0 

0*2 

0«t 

21*0 

0*0 

2*0 

44*t 

4*4 

2*0 

44*4 

4*0 

2.2 

20*1 

0*4 

2.2 

24*7 

10*4 

2*4 

10*1 

10*1 

1*2 

7*0 

20*2 

1*0 

VIMIMfi 

PffKfNf  PAHriCIMTItlG  AMNUUIV 
iCfivif*  04VS 

ACtIVItV  OAVS  CAtn* 

St*0 

UnO 

An? 

U*T 

24*0 

4*t 

to*o 

20.f 

»*t 

20*4 

0*2 

2*2 

22*t 

12*2 

t*2 

22*0 

It«7 

2*0 

22*7 

12*0 

4*0 

24*4 

12*4 

2*0 

10*9 

10*2 

0*0 

0*4 

22*2 

1*0 

minting 

MACtHI  AAAIICIAATIHG  ANNUALIV 
ACTIVITV  BAT*  Ail  AAAIICIAANT 
ACTIVITY  BAY*  ATI  CAAITA 

I4«l 

14.0 

2*1 

14*0 

ts*o 

2.0 

2.f 

ts*o 

0*4 

1*0 

4*0 

0*1 

10*0 

12*4 

2*1 

20.0 

14*4 

•*4 

17*4 

14*  r 
2*4 

lO.O 

10*0 

2*0 

0*1 

11*0 

1*1 

2*1 

22*2 

1*2 

HIVING  0*  NATUNT  NALIt 

AilCCNT  AAAIICIAAIINC  ANNUALLY 
ACTIVITY  BAY*  At*  AAAIICIAANT 
activity  bay*  At*  tAAIIA 

40«A 

lf«t 

7«2 

41 .4 
IO*S 
t*0 

00*1 

to*o 

4.t 

20*0 

tt*v 

10*4 

20*0 

12.t 

t*o 

22*2 

14*1 

2*4 

42*4 

14*0 

7*4 

22.0 

12*2 

4*0 

22*2 

2f*4 

v.o 

11*0 

44*2 

2*2 

CANAING 

MACtNT  AAAIICIAAIINC  ANNUALLY 

activity  bay*  At*  AAAIICIAANI 
ACTIVITV  BAY*  At*  CAAITA 

IA«S 

11*1 

2t*S 

t0*4 

2*0 

o*t 

11*2 

0*0 

22*0 

o*r 

2*0 

41*0 

11*2 

2*0 

22.0 

0*2 

2*1 

22.4 

11*1 

2*2 

10*7 

10*0 

2*0 

0*2 

IO*t 

1*4 

2*2 

10*0 

0*4 

HOAttGAt*  aiding 

AfBCINl  aaaiiciaating  AWAIALLY 

ACTIVITV  BAY*  At*  AAAIICIAANT 
ACTIVITV  bay*  At*  CAAITA 

11*1 

10*0 

t*0 

11*2 

IO«t 

2*0 

0*0 

t*l 

0«f 

20*4 

24*0 

2*0 

22*0 

u*t 

2*4 

It.O 

14*2 

2*2 

7*2 

22*0 

1*0 

4*4 

11*7 

0*2 

1*1 

0*2 

0*1 

0*7 

0*7 

0*1 

0tf««0«0  •OfOUCvCHNC  ot  tlOlilC  illOyjOjKtl 

MACCilf  U*i 

Utivifv  ttv  p^nciPtnt 

iCfIVfff  04T$  VC«  C4#|t4  !•#  »•« 

»*t 

24*0 

1*1 

10*2 

1V*0 

1*2 

22*2 

24*1 

0.1 

22*7 

20*4 

4*4 

10*0 

10*2 

2*0 

2*0 

12*2 

0*7 

2*1 

21*1 

0*4 

0*2 

22*2 

•*l 

ic(  s««tf«ie 

MtCtaif  VMtICItAtIMG 

iCtivirt  o«v$  fMficivAMf 

ACtIVItV  OATS  ten  CAVITA 

12*1 

0«A 

1*0 

22*1 

0*0 

1*0 

4*0 

t*0 

0*2 

2t*t 

0*1 

2*2 

4t*2 

10*0 

4*t 

20*7 

0*2 

2*7 

17*0 

2*7 

1*0 

0*4 

0*2 

0*0 

t*t 

2*0 

0*1 

•*t 

12*1 

•*• 

OOiV  ot  MlillATUVC  COlV 

OfOCCNf  p««riC|V«TI*l6  4*MUAiLT 
ACtIVItV  OATS  VH  VAAflCIVAAt 
ACtIVItV  OATS  rCA  CAVI1A 

sa*4 

IS.I 

4«2 

S0«0 

l)*> 

4*0 

0*0 

4*0 

0*4 

21*0 

2*2 

1*0 

40.2 

0*2 

2*0 

20*0 

10*4 

4*2 

20*2 

14*4 

4*4 

t0*2 

20*4 

4*1 

14*0 

42*0 

4*4 

0*1 

20*0 

1*4 

tCNNlS 

OiOCtOt  OAATICIOATIM  ANOUAilV 
ACtIVItV  OATS  fl«  VAATICIMOI 
ACtIVItV  OATS  MR  CAOIIA 

<0*4 

21*2 

0*4 

24*0 

21*4 

»•> 

t*o 

tt*0 

1*4 

lt*0 

0*0 

1*0 

42.0 

10*4 

0*0 

42*1 

24*0 

10*7 

20*4 

21*0 

4*4 

14*4 

20*0 

2*0 

2*0 

24*2 

1*2 

1*2 

2*4 

0*1 

IM  •MOCUtlS,  INC. 


IV-155 


•  -iiTi  B?*  litoTniii  i  V  i>^  • 


TMLI  %*A.I_#MriCIP«TIOH  IN  U  MUfAIION  ACriVlIIII*  MHOONAMIC  »MJ(CflONI  fO  ttMft  tOUS  lUMO  itfl 
MCCftfAtlQN  &UllUt  MiA»  •«  COlMtV  frNOU#-- NCOlilN  MCNlfM  Mlllf9 
(ACItVitV  MVS  IN  TMOUSANOII 


SS« 

Mf«  SWIM  MICNIC  nCAS  tlCTC  MAt  AISM 

VIM  -MIM  -«tN6  OHtVf  -LING  -ING  -ING 

tOfM.  SfNVtCI  Mf*  MRIICIAftNtS 

|ft«  20MSI))  IVlUlSi  ivsrbovr 

224lfl)*  2ur7l«bO  IS/SStlV 

|«ft  24t9GMl  22UI4I9  lb)V12Vl 

20GS  2GI02Gti  213914^6  2«9V9UO  1I3U249 

MIS  2f*«f7rO  24942761  2924>i4r  14234222 

MIS  M9l422t  29504329  242l|flS  1M1I99I 


1974 

713642 

I6r6i6 

6C71VI 

467III5 

IV  OAV) 

•  404)1 

45507 

120071 

lOOS 

•22  701 

5915«9 

50462/ 

•  1*551 

1(4506 

129/6/ 

I99S 

021009 

192/91 

52  7)92 

•  72890 

1)1525 

1)4)99 

2009 

1005151 

201149 

556  1/9 

407640 

146540 

14919I 

MIS 

1079/49 

2102  79 

54'J)4) 

9402)4 

1544)6 

156  )95 

M29 

1117499 

2175)7 

60U907 

4590(9 

I6904I 

16X06 

06  fOfOi 

1976  6907542 

4714545 

V««T|CI9*NtS 
4A42404  )42)049 

2  )44i47 

20)6651 

1909 

5l97t/9 

5047U7 

5201545 

14101/2 

2662/no 

2106)76 

1995 

592W2I 

5))2(/6 

540/575 

1416046 

244,4264 

2)2)740 

2005 

6200774 

5546529 

5/55)06 

6(10044 

)t446*i»6 

245)4  )/ 

MIS 

6564419 

59ir4><4 

5445904 

4)14572 

>42172) 

2570/92 

2029 

6941972 

605229) 

6209)0) 

44  74  703 

161/256 

2675196 

1976 

1497/1 

40215 

ACUVIfV  0*«5 
11)412  2C645) 

22209 

/4«55 

1009 

194522 

45470 

122)56 

(406)4 

26546 

12(56 

1099 

216449 

46(45 

(26/59 

2(0/55 

J04  76 

14)69 

2009 

256(49 

4745) 

1 )/444 

219(95 

1)405 

16071 

tois 

151401 

49/79 

( l/bfll 

2/4644 

i/U64 

>7796 

MIS 

269119 

514(4 

142404 

229946 

14767 

19326 

09  00095 

1076  204054 

200444 

••«ftCI9A6fS 
204465  14)452 

10())( 

•9456 

1005 

229I45 

2((JI0 

2(71  64 

(5//50 

((4442 

9)650 

1005 

244/12 

22(444 

227122 

(4(4/0 

125469 

46516 

IMS 

259595 

2521J( 

2)7/50 

164204 

(  )6iQ4 

10355? 

MIS 

2III26 

2426f( 

2490/? 

1/714) 

145657 

106669 

MIS 

296419 

252)54 

21//66 

194060 

153/06 

113069 

1076 

7261 

1126 

9C71V|rV  OAV) 
4791  9)91 

450 

1299 

loss 

9560 

1955 

5079 

7959 

1147 

1376 

1009 

9/40 

4410 

5224 

9)55 

UK 

1467 

2009 

10067 

1479 

54  50 

954) 

1470 

U2| 

2019 

10761 

2056 

56  75 

•927 

1599 

1595 

2029 

11561 

2129 

5999 

•952 

1701 

1660 

•>•00710  OlSOiM 
11164971  ••11444 

124II44I  V44609I 

13124441  i0O6«Vl2 

16107162  t062627« 
1S294246  II0447GS 


06  ■0600090 

19514 

1970 

19)60 

1999 

62529 

6(046 

1999 

669  76 

4)429 

2009 

5IU06 

64  049 

2019 

969)6 

69646 

1029 

99517 

524  70 

1976 

1270 

1)6 

1999 

1497 

360 

1999 

1706 

192 

2009 

1909 

406 

2019 

2096 

425 

2029 

2269 

44  9 

PAAflCIOANK 

192/4 

216/2 

19(06 

41979 

24625 

20162 

449)3 

12126 

21667 

67001 

14476 

26042 

50541 

16/04 

2952/ 

53452 

304)5 

10791 

iCflVIfV 

0975 

42) 

192) 

161 

997 

1  7)7 

149 

10)6 

1061 

2)6 

1101 

1950 

269 

1166 

20)4 

102 

1210 

2116 

111 

ItItJ 

tssss 

144SI 

2l>%4 

22712 

24035 


III 

191 

395 

551 


09  0MCO5 
1976 

115610 

294269 

1999 

3641/3 

3)15)0 

1999 

61)050 

370247 

2009 

659707 

606402 

MIS 

906)61 

664  74  7 

2029 

967091 

6907)9 

•  AH  riGlMMll 
3011l«  227320 

1409V2  254332 

1«02I2  295962 

«ir5r7  112662 
45)«I2  341215 

492530  5644I4 


153537 

163449 

212421 

240395 

247015 

291225 


133054 
151029 
169102 
196996 
2051 79 
222156 


1976 

11279 

2611 

1905 

11596 

2962 

1999 

15923 

3)00 

2005 

17996 

1575 

2019 

19911 

3001 

2029 

21621 

4196 

06  COOtON 

19/6 

11165 

11762 

1995 

1/222 

16015 

1995 

6(199 

19901 

2009 

46IU2 

42212 

2019 

50969 

45730 

2029 

99120 

69165 

1976 

(099 

297 

1909 

1296 

109 

1999 

1496 

310 

2005 

1722 

155 

MI5 

1991 

191 

2029 

2162 

410 

•CttViTt 

O0V5 

7070 

1444Q 

14V) 

7994 

14494 

1049 

9  762 

162/7 

2200 

4579 

17546 

26)6 

(U41I 

19/42 

2959 

1  1250 

20001 

1267 

pAiriCIOANfl 

14625 

224/1 

15769 

)69  39 

24901 

10161 

19541 

2720/ 

20/2) 

43040 

24969 

21664 

46614 

32671 

2662) 

50070 

152)6 

29412 

•CTIVIfT 

0AV5 

799 

1172 

119 

•55 

1309 

170 

906 

1415 

202 

992 

1521 

240 

1061 

1622 

290 

1139 

1709 

317 

1959 

2210 

2475 

275? 

3005 

3251 


14999 

16041 

17535 

19941 

20549 

III56 


210 

234 

255 

270 

301 

519 


MMNt 

-ING  MUING 


5592409  10942144 
5979706  11751009 
4167399  12511906 
6416960  15160139 
4469209  13905169 
697593I  16513719 


56966  I994IT 
61521  Ili97« 
66091  229146 

70377  241474 

74062  256366 

77349  267190 


•92127  1695741 

957991  2966996 

1014924  3020699 

1076620  5159714 

1126911  5290965 

1176129  3406659 


I4I5I  46927 
15199  52174 

16167  55620 

17096  56692 

17917  61414 
19669  61904 


40939  113910 

41343  119940 

45594  125194 

47929  130509 

50192  136023 

52520  141119 


CAM9  NOOSI 
•IMG  IIOING 


A7972I5  1077000 

7261649  1127910 

TTT9190  5229394 

•259661  1549269 

•696005  5679191 

9061596  555  7916 


71591  59076 

790/6  66  76  7 

•3906  76756 

99992  9501 1 

95937  93015 

97915  99052 


1693901  752021 

1796V96  759  399 

1901557  776030 

2002947  900710 

2095596  #25799 

1177570  044602 


19150  13669 
19375  15144 
20566  17454 
21692  19249 
22722  21275 
13613  I29SI 


72531  30507 
76152  30374 
•00  74  30903 
91994  31599 
•7719  12596 
91290  53119 


ICS 

MCVCl  5«6t 

SNOWII  •INS 


5006006  6110917 

5250961  6591219 

5696004  7013139 

5719751  760479? 

5929121  7002960 

6100910  0006533 


•0261  90996 
92024  50906 
•5550  526IS 
90100  95555 
95140  59266 
99746  59937 


754605  1512690 

910146  1599404 

•61650  1679092 

910160  1765610 

953965  1949920 

995190  1917101 


19999  12920 

20127  12401 

20797  12716 

21916  11357 

22175  13909 

2  3600  16500 


32922  62701 
34655  69439 
36446  60477 
39542  71635 
40165  74990 
42075  77749 


G0L9  fSNHIl 


I0I07960  9365620 

11741521  11600055 
15/71119  13237416 
14553513  16952761 
15659990  10213997 
16960107  17356570 


1299  76  1099  71 
(92575  256066 
172192  502909 
199275  546160 
201699  597109 
219592  617469 


2591447  2190999 

2790469  262456/ 

3123424  iCll/O/ 
3614674  5424757 

5671151  5766719 

5900712  6095002 


30960  69196 

36007  97176 

40665  69296 

44969  79992 

49057  99515 

51019  96770 


105156  92572 
120411  II41II 
III966  152172 
146540  149179 
154965  165235 
169144  174750 


651  2151 
690  2277 
725  2395 
762  2510 
790  265? 
•32  2T69 


7924  12312 
•666  23692 
9102  25211 
4163  26911 
10161  20557 
10965  29912 


126  412 
139  461 
165  676 
155  507 
165  919 
175  571 


59700  175752 
66262  194415 
74(69  21(312 
920|i  237577 
94943  259»94 
97610  279427 


954  5092 
1056  5679 
1190  5996 
1305  4306 
(632  6725 
1950  5119 


7069  19016 

7566  20211 

9176  21/02 

9936  23517 

9692  25639 

10450  27292 


113  260 
120  >94 
130  425 
142  645 
156  506 
100  S66 


795 

5)4 

•  27 

620 

960 

722 

912 

•20 

954 

906 

996 

973 

14)65 

6191 

152)/ 

6370 

16)24 

6592 

174)( 

692) 

19500 

7265 

19562 

7560 

156 

111 

165 

III 

177 

130 

190 

157 

201 

173 

213 

193 

111999 

51199 

12541) 

53907 

140(16 

56649 

154279 

6)055 

160099 

67761 

192662 

72365 

121) 

925 

1)60 

1162 

1522 

1601 

1690 

1619 

1941 

1926 

1992 

2001 

12207 

6937 

12490 

69)6 

liV99 

5163 

152)7 

5529 

16519 

5925 

17776 

6267 

112 

99 

161 

96 

152 

100 

166 

127 

100 

169 

196 

170 

•  20 

510 

022 

699 

960 

507 

9/9 

530 

919 

551 

959 

560 

6511 

12311 

6956 

12903 

76  76 

13916 

•006 

16960 

95(2 

15936 

9009 

16790 

160 

106 

169 

106 

176 

100 

109 

115 

201 

122 

212 

120 

50605 

102510 

56991 

111995 

6)690 

126721 

7062? 

1 36296 

77275 

169666 

3U61 

160097 

1350 

052 

1620 

079 

156  3 

959 

1717 

1050 

1076 

1160 

2025 

1223 

5579 

9937 

3969 

10512 

6631 

11636 

7069 

12563 

766  7 

1)751 

•265 

16003 

115 

•3 

136 

02 

163 

06 

156 

96 

ITO 

101 

102 

100 

1359  1097 
1602  2466 
1790  2952 
1956  I46T 
2096  3079 
2210  6201 

19661  15350 
21060  19261 
26565  21(77 
27645  26964 
10265  30405 
32037  33640 


2U  316 

202  606 

329  502 

360  60T 

606  703 

661  791 


159766  167356 
195920  190566 
226646  25e6i39 
257401  269117 
296151  301741 
312465  331711 


2106  31U 

2500  6366 

3031  5631 

3660  6673 

3020  7305 

6171  OUO 


15316  12991 
10656  16662 
21596  20035 
25066  36(76 
20502  20649 
31614  32331 


203  tSS 

269  331 

2SS  44S 

336  S26 

III  661 

626  766 


lot  A550CIAYIS*  IMC. 


IV- 156 


MIA 

VIM 


MM 

«OLP  ttWII 


TABU  A.A.9— lAAtlCIIATIOII  IN  |A  MCAtAtlON  ACtMIfllS*  MHQfiAAMtC  MIMCCIIONS  10  ItOISt  fOCBI  IHAMO  iAftf 
UUIATIQN  IIMICI  MIA.  IV  COUNTf  6«0UM-^N|DII|M  lAONfN  MNIfS 
UCfiVltf  OAn  IN  tNOU&ANOII 


ss*  lei 

SMlN  AICNIC  nCAS  IICVC  MAf  fISN  MUNf  CAM#  NOKtl  HCfCt  SKAf 

oAlNO  -«|N«  OAlVf  -LINC  •INO  -INO  -INI  NUINI  -INC  OlOINO  |NOMN  -INO 


M  CINTU 

I9VA  f0i»5« 

AII44 

AAAIICIAANTS 
Tim  92ATT 

Dll) 

MT40 

IM99 

41141 

29111 

1)120 

mil 

10900 

MTIO 

M17I 

l«lt 

TMAA 

TIA)0 

T92A9 

99121 

)4A)2 

92014 

144)0 

42449 

24110 

11009 

floor 

19170 

17000 

19200 

IMS 

•UIT 

THAI 

TTA2A 

9TA42 

40004 

Dill 

14172 

44191 

27490 

11002 

11449 

20020 

41909 

409D 

loot 

MilA 

TMII 

TII91 

91404 

4102) 

944)4 

19922 

49194 

I0I24 

a  IDO 

IIOOI 

20007 

41010 

49929 

toil 

•AMI 

TIMt 

AM)) 

41440 

4944  7 

99924 

lOOlI 

404)1 

11909 

11990 

llllf 

17002 

00911 

09917 

Mil 

flllO 

•IIOI 

A)4AA 

424)  T 

4T290 

94241 

10992 

4T1T1 

MII9 

19412 

IIIOI 

lOlOO 

MOIO 

M4I0 

IITA 

IA44 

All 

ACTIIITT  OAVS 
III!  ))ll 

)0A 

491 

220 

710 

2M 

110 

149 

III 

Oil 

OlO 

IIAf 

MAA 

AAO 

UIT 

110) 

)42 

441 

2)0 

790 

201 

211 

190 

211 

900 

Ml 

ml 

IVS4 

AM 

lAlA 

1207 

404 

441 

2)0 

749 

900 

29) 

142 

211 

900 

990 

MOS 

SIAA 

All 

IIIA 

12)4 

494 

909 

247 

414 

DO 

270 

940 

210 

OM 

lOD 

Mil 

ISAI 

IQA 

I4AI 

))92 

411 

921 

291 

•)l 

DO 

)0I 

101 

224 

040 

IIOI 

Mil 

Sill 

III 

201) 

DAT 

911 

992 

200 

497 

DO 

110 

100 

220 

070 

not 

AA  CNCSflA 
tlTA  lOMilA 

mil) 

AAMTICI 

1IM29 

[PANTS 

144441 

101199 

44499 

90029 

1127)0 

72)49 

)I744 

12010 

09479 

104000 

90107 

nil 

IIDSO 

IIAI4) 

2)9)1) 

IMAIA 

127212 

10)240 

4)140 

1))40| 

•  9411 

I04TT 

10900 

70)09 

114070 

1)10 90 

mi 

IITMI 

IA4MA 

ITiAAI 

20)700 

194094 

1210)4 

91)17 

I9S119 

114  T1 

41100 

49442 

44917 

10*499 

14749* 

MM 

SATlir 

)04IIA 

)19421 

2)4999 

142929 

140112 

914)1 

1741)4 

119211 

40042 

92419 

101471 

199409 

20*041 

Ml« 

iiiiir 

)90A0I 

)A0210 

247497 

111744 

I404IT 

041)) 

10)097 

1)1190 

92410 

00914 

1104)7 

IIT4)t 

I19I4I 

Mil 

AlllfA 

)l?4)l 

40IAII 

)024l) 

242120 

142494 

77)91 

III412 

141901 

10014 

00909 

111444 

100970 

1909)1 

llfA 

MIT 

IAI4 

Acrutff  OATS 
4499  lOlI 

114 

1212 

949 

1149 

74) 

010 

•00 

944 

1990 

1101 

mi 

1411 

1019 

9949 

1*14 

1)29 

191) 

449 

2)40 

120 

702 

191 

900 

1747 

)09t 

mi 

1141) 

IMA 

4M/ 

11241 

1494 

ITI) 

419 

2744 

1044 

1000 

IIOI 

070 

1147 

9999 

tool 

IJSSS 

MIA 

MAO 

12494 

2009 

2094 

144 

)204 

1294 

1122 

1201 

740 

2971 

*91* 

Mil 

ISMS 

)040 

•  210 

14491 

2)91 

2)94 

1042 

)4T2 

14)7 

14)4 

1400 

•44 

I9I0 

1470 

Mil 

ITITO 

)4)I 

1)11 

14049 

270) 

24» 

1221 

4170 

14)0 

1042 

1090 

nr 

1411 

0799 

AA  CLINfON 
llfA  Allfl 

I92IA 

AAATICIAAUrrS 
I9A10  14011 

iitaa 

IDD 

9212 

149A0 

DM 

41)0 

4241 

•0)7 

11417 

9791 

IIM 

MSS) 

194*4 

I40lt 

14)24 

I24T9 

114)1 

4291 

14414 

4)0A 

)00T 

D99 

•009 

111)4 

110)0 

mi 

2TSTA 

I99IA 

lAlSI 

167)4 

1)74) 

11942 

9)04 

1444) 

14  44 

)744 

4)11 

•  100 

14*D 

1)979 

MM 

IA444 

lAlAA 

241)9 

11144 

14240 

111)1 

9411 

19024 

IT4) 

)t)0 

4444 

0102 

149)1 

1*09* 

Mil 

mol 

IA4I) 

210)4 

11444 

19009 

12024 

99)2 

19049 

1402 

)tll 

4901 

0420 

19911 

19047 

Mil 

II  MI 

IA9A1 

IlOll 

144)4 

19949 

1I0I2 

1941 

19077 

lAAA 

)770 

4919 

0404 

I009I 

lOOTO 

till 

A20 

210 

ACflVlfl  OAVS 
AOA  1149 

104 

144 

0) 

271 

102 

M 

111 

70 

III 

199 

mi 

II) 

222 

A14 

1029 

122 

144 

44 

274 

ID 

71 

109 

04 

179 

144 

mi 

1004 

122 

409 

10)4 

1)7 

I4I 

44 

294 

10) 

77 

101 

49 

101 

191 

IMS 

IO)A 

22A 

All 

1094 

142 

179 

47 

244 

100 

70 

109 

09 

m 

)D 

Mil 

iioi 

22A 

All 

1049 

199 

174 

44 

244 

107 

07 

107 

01- 

Ill 

)I9 

Mil 

1141 

22A 

022 

1021 

144 

127 

AA 

141 

107 

00 

107 

01 

III 

191 

AA  COiUMIU 

IIM  JMOl 

IIIAA 

AAAIICIAAMfS 
J09)l  2A44A 

11424 

141)4 

74)2 

2142) 

1)120 

9010 

4)21 

11714 

17090 

14997 

mi 

411IT 

)IA2d 

40941 

2A10A 

20021 

17714 

47)0 

1294 1 

149)1 

9101 

4490 

12201 

10)49 

10200 

mi 

44  in 

41019 

41499 

214  71 

220IT 

149)7 

•974 

2))49 

19010 

9120 

4124 

12797 

2)009 

2I4D 

Mil 

4Am 

4tin 

4144) 

)0S29 

2)702 

tIOl) 

•II) 

2)792 

194)2 

9144 

not 

mil 

2SI09 

249*1 

Mil 

4IA4I 

41024 

4)479 

1119) 

19040 

1149) 

HIT 

24171 

19904 

9177 

72  70 

11470 

2079) 

24147 

Mil 

4II04 

4)411 

44490 

J20)) 

240IT 

11497 

1144 

24974 

lOOTl 

0012 

7421 

117*0 

24094 

10020 

IIM 

till 

)29 

ACTIVITY  OATS 
lOI  149) 

194 

244 

129 

404 

191 

10) 

141 

102 

124 

no 

mi 

I4IA 

)4) 

I9T 

1947 

t«l 

241 

191 

424 

190 

too 

ut 

90 

171 

>70 

mi 

140) 

39) 

IM 

1401 

214 

272 

1)0 

444 

104 

121 

10) 

II 

M7 

401 

MOI 

IMJ 

)9l 

no 

1411 

244 

271 

140 

494 

lOA 

DO 

lOO 

101 

1)9 

907 

Mil 

U4I 

)A2 

1004 

1424 

249 

249 

149 

444 

172 

147 

174 

ID 

199 

DO 

lOIl 

1114 

)AI 

1022 

14)2 

242 

III 

140 

474 

179 

197 

171 

100 

170 

077 

A  A  HAMfSAUAC  SMS  A 

IIM  IVll»Q4  MIIOO 

AAITICIAAMTS 
2U))A  204949 

140104 

12440) 

94442 

141407 

10)1)1 

0929) 

40944 

11047 

ID4D 

124041 

IIM 

)IAIAI 

)0A99) 

)1940l 

2244«i 

14)12) 

1)4272 

51129 

179744 

till)) 

40422 

9044  7 

17901 

1 90247 

100)94 

mi 

)A)4II 

))IVIT 

)404AA 

249211 

144)41 

144114 

491)4 

141644 

1212A4 

44420 

99247 

109*40 

199421 

190494 

MM 

ill4l) 

)9S921 

)A44A1 

24)047 

204)4) 

191404 

70014 

202)44 

1)00 11 

91211 

9I470 

11)142 

214400 

214497 

Mil 

41IA2A 

JIJAAl 

)A2424 

2T4AU 

2204)9 

147AVI 

7)4)0 

212014 

l)07D 

92100 

41449 

tlOAIO 

1)44** 

242799 

lOIl 

441)11 

)AMA04 

114241 

2AAII7 

I942)t 

129444 

77240 

12079) 

1420)4 

94440 

499)0 

1I109I 

I92I00 

IDDl 

IIM 

lOOII 

144) 

ACTIVirv  OATS 
AltA  12420 

1)22 

14)2 

072 

2144 

1110 

■It 

1200 

790 

10*1 

1044 

mi 

tiAli 

2AA0 

7424 

12U) 

1411 

2000 

191 

DIO 

1211 

017 

1140 

701 

2220 

)474 

mi 

ISSA) 

2AA4 

1179 

1)117 

IIOI 

2174 

10)9 

)4I0 

1)19 

1077 

nil 

Ml 

2972 

4241 

Mil 

tllO) 

)094 

AA09 

1)121 

2144 

2)40 

1114 

)702 

141) 

HIT 

1411 

097 

2070 

Mil 

Mil 

HIM 

)M0 

•  714 

14)44 

2)«4 

2444 

tlM 

110) 

1409 

not 

1401 

•10 

1110 

9719 

Mil 

iMir 

)II9 

1191 

14414 

2972 

2970 

1217 

4100 

1994 

1401 

1144 

IIS 

1120 

D79 

AA  lACAAMANMA 

IIM  ISIOAI 

I949II 

PAATICIAANTS 
I9TA9)  104414 

19494 

07244 

)iiri 

40991 

94100 

II047 

I401I 

40191 

71M7 

0)491 

mi 

lAllOT 

194/IA 

19A227 

I07A99 

TI742 

07447 

)2)7? 

•0)07 

94744 

21402 

2401) 

4919) 

02»*0 

79207 

mi 

IAA44A 

I99I4I 

1941)1 

110)94 

49149 

40)91 

Dili 

00094 

992)0 

2014) 

21)11 

40991 

01071 

•9M4 

Mil 

IMI4i 

I9I1I) 

lAOAOA 

112)40 

4ITII 

41120 

DIM 

07201 

99700 

1040) 

21000 

47494 

191)1 

14777 

Mil 

IMDA 

ISAlil 

141179 

11)460 

1)114 

414)1 

))4I0 

47444 

9011) 

109)0 

I97I0 

4001 1 

aM)l9 

101721 

Mil 

IMII) 

I9IA99 

140191 

11)424 

1904  T 

4III4 

»A490 

•7071 

90090 

10140 

2M20 

47014 

lOIOOl 

loom 

IIM 

l|*T 

1)19 

ACTIVITT  OATS 
lAA*!  4242 

470 

101 

914 

1041 

904 

411 

on 

104 

107 

1170 

IIM 

IM) 

1122 

1411 

9424 

744 

III 

919 

1047 

III 

414 

100 

197 

1010 

1901 

mi 

A20) 

1)2) 

1441 

944) 

49? 

1009 

912 

trot 

III 

490 

170 

149 

1199 

1010 

MM 

MAI 

1)24 

lAi) 

9474 

1)4 

1017 

910 

1720 

009 

Ml 

900 

114 

1201 

lilt 

Mt« 

AAA) 

1)24 

lAfO 

9427 

III 

1024 

III 

1741 

010 

141 

900 

111 

IIOI 

nil 

Mil 

TAIA 

1)14 

)A?I 

9411 

11)4 

1021 

99) 

1141 

000 

MO 

901 

no 

1177 

lot? 

IM  AAMCaAllS*  INC 


m 


YAtti  IN  i«  MCftCArioN  Acrivnits,  ocncgiiam«ic  mojictions  to  a«ot9t  focts  island  lau 

ACCACATION  SfAVICI  AACA*  DV  COUNtT  CAOUA~>MCOIUN  MOttTN  SAAICS 
CACTIVIfV  OATS  IN  THOUSANOSI 


AfttA 

VfAA 

SW(N 

•NINO 

PICNIC 

•«|N6 

SS* 

PICAS 

OAtVC 

•  ICTC 
•LINA 

OUAT 

•INC 

PISN 

-IMG 

HUNT 

-INC 

MININA 

CAMP 

-IN6 

NOASC 

•lOlNA 

NCVCL 

Snoon 

ICf 

WAl 

-INC 

AOLP« 

NIN 

60LP 

fiNNtS 

PA  lANCASTfM 

IOTA  22T4)A 

215205 

P«BllClPANrS 
22)9  71  16122) 

100421 

50042 

44500 

120101 

•0129 

>0070 

10040 

TlOU 

10997T 

90202 

IDAS 

26510^ 

240  765 

255091 

102501 

111025 

1050T7 

5060) 

14255T 

90517 

>0AA5 

40904 

TOOlO 

D09AT 

127940 

tfSS 

25A255 

269020 

276024 

200011 

1404  74 

115724 

551)0 

I5A09A 

00290 

A0JI9 

44050 

00420 

19T))4 

152447 

200S 

SITAAT 

207051 

25)651 

21)140 

10)300 

12  7451 

50502 

10)202 

100055 

02 105 

47704 

92100 

174544 

17)444 

20IS 

5IAAA1 

>02)57 

>00061 

225157 

|TOO)5 

1)5177 

02255 

171520 

110017 

A>050 

50A22 

97240 

109044 

19)0)0 

202S 

550421 

>17002 

>24540 

2)6  762 

105200 

142400 

05505 

1T5575 

110145 

AlAOA 

5)110 

I020AA 

20)059 

2II1T0 

!*»♦ 

TUT 

15t> 

ACriVlTl  0AV5 
5252  9950 

1010 

1415 

TOO 

2»2 

•  00 

0)0 

950 

002 

1051 

2047 

ttts 

55AA 

2101 

6024 

10142 

1254 

141) 

•05 

2051 

970 

751 

1022 

0)1 

1017 

2741 

IDAS 

105)0 

2353 

6401 

11042 

1524 

1751 

•  77 

2000 

1004 

•  7A 

1000 

00) 

2101 

))0I 

200S 

I20AA 

2470 

670) 

11565 

172) 

1077 

5)7 

5000 

11)5 

979 

1151 

TOO 

2») 

>907 

2DIS 

15102 

2552 

7120 

12010 

1505 

1504 

591 

>262 

1105 

1100 

1210 

741 

25)7 

4945 

202S 

14025 

2715 

74  7) 

12)71 

2072 

2050 

104A 

>4J0 

1202 

1200 

1279 

772 

2720 

50)0 

PA  tfAANON 

IDTA  TOST? 

00)21 

PAOttClPANf) 
69000  49156 

1)7)1 

)0550 

14055 

35)1) 

25207 

109)4 

11A2T 

21002 

»709 

29745 

IDAS 

TAII5 

74  74  7 

76615 

54450 

35)31 

»400 

15404 

42050 

27455 

11252 

12521 

2)000 

40957 

>7907 

IDAS 

ATIA5 

00)64 

•  215) 

99167 

44)56 

>0155 

10017 

45525 

25557 

11700 

1)52) 

25)04 

44994 

05240 

2005 

04010 

047)) 

06464 

02495 

40543 

>4250 

17610 

40219 

>1109 

12114 

14)20 

20007 

51915 

51590 

2015 

lootao 

05106 

51029 

0400) 

52044 

AO>TO 

10515 

50601 

>2040 

1259A 

15090 

I020O 

50490 

57005 

2025 

I0A5A0 

52  721 

54440 

04610 

55451 

421  >2 

|5ii» 

52515 

>4202 

12003 

15757 

20)27 

00150 

*2045 

IOTA 

2)55 

595 

ACTlTIfV  OAVI 
1641  3025 

305 

440 

224 

7>2 

27> 

10) 

292 

10) 

445 

OOT 

loss 

20A1 

654 

loot 

2944 

344 

4Al 

2A5 

002 

257 

210 

>02 

104 

540 

•00 

1005 

52A2 

655 

1050 

3202 

451 

5>0 

265 

06  7 

>21 

252 

ill 

192 

029 

907 

2005 

5504 

725 

15  44 

))16 

510 

502 

2  00 

910 

>>9 

20) 

DA 

20) 

490 

HOT 

2015 

5005 

762 

2005 

1440 

564 

552 

256 

56  7 

>50 

>25 

)5> 

2D 

757 

1597 

2025 

41)0 

705 

2145 

3451 

Oil 

010 

>05 

1010 

>7> 

>5> 

>05 

219 

000 

1497 

PA  lANlOM  (  AUATMAKprOM 
IOTA  J20)B« 

fAOf iClPAMTS 
)24foa  224)27 

112455 

141225 

45110 

101441 

116110 

49)72 

5270A 

90ol> 

150075 

D205I 

I0A5 

5))«0S 

3)31)3 

J4409f 

240190 

171171 

1504)9 

454  50 

152VTT 

12314) 

AV40I 

50217 

10)545 

177540 

102725 

1005 

500)05 

>61004 

)ro))4 

2Aa224 

194905 

I4l5)0 

74444 

205)44 

1)1524 

51107 

004  )0 

111005 

20)0)9 

10)715 

2005 

A262A0 

>501)4 

)99  )44 

23215) 

21404) 

175194 

00700 

220654 

142)15 

54)41 

01)00 

120410 

2)0012 

225TD 

2015 

402424 

417)7) 

4247)9 

)(•  )7)6 

240455 

107072 

04624 

2)5440 

152512 

57570 

70112 

129719 

250152 

25720) 

2025 

A05445 

442021 

452) 70 

32251) 

261074 

195044 

52156 

209440 

101547 

A0125 

74500 

DTllO 

279099 

200000 

IOTA 

I0f25 

2745 

ACflVirv  OATS 
7414  13112 

1339 

20T> 

1010 

)404 

1250 

Oil 

DIO 

020 

1991 

209* 

I0A5 

12425 

2540 

01)3 

12330 

1445 

2211 

1105 

14)) 

0)4 

AIT 

1141 

•  15 

2)01 

>029 

1005 

lAlAO 

3125 

05)5 

1)305 

1949 

2)70 

1100 

>905 

14)2 

1040 

1401 

04? 

2711 

0105 

2005 

tS55A 

))>0 

51  71 

1472) 

2247 

25T1 

1205 

4225 

1540 

1240 

DD 

514 

>001 

9029 

2015 

ITAAO 

3554 

5701 

11540 

?14) 

2I5T 

1175 

45>1 

UOO 

1417 

1027 

AIT 

>42) 

590> 

2025 

10215 

>754 

10)54 

10155 

20l> 

25» 

1401 

4020 

1704 

157) 

1721 

1021 

>740 

**04 

PA  IU2AANC 

IOTA  2251  fA 

226226 

(■AOTICIPAAri 
230307  154e7) 

106515 

97542 

47155 

120259 

75647 

»1)A 

>6000 

4701) 

105)4) 

9DT7 

I0A5 

2)40)0 

22446) 

229919 

1>54)4 

114952 

57076 

46574 

124912 

70775 

iOAO) 

>5000 

40145 

110511 

100240 

1005 

241014 

22491 1 

229447 

t  53460 

122142 

5  7420 

41241 

124414 

70516 

25517 

>0052 

66  720 

1200)4 

122045 

2005 

24«2)i 

224054 

14072) 

124255 

53)5* 

4759i 

124919 

75404 

25T40 

>4)01 

67710 

1)4910 

D5020 

2015 

25215) 

226494 

2)1022 

1420)4 

1)2)40 

54797 

4T007 

W4B91 

79440 

25402 

>0124 

60)01 

142404 

14442) 

2025 

255105 

226974 

2)1)07 

102390 

1)5430 

55212 

40007 

124942 

75Si4 

25157 

>0477 

60560 

140400 

|5000> 

IOTA 

TAOS 

1525 

ACT  IVI 
5)79 

TV  OATS 
9030 

94  7 

|4)0 

751 

2460 

•  61 

155 

•90 

560 

1)90 

10» 

10A5 

0245 

1521 

5)42 

405) 

1107 

1429 

740 

2440 

•  51 

000 

•  41 

51) 

1501 

2245 

1005 

0050 

1911 

52  74 

0101 

12)1 

1497 

792 

2462 

015 

000 

•  22 

459 

1122 

20)5 

2005 

5412 

1505 

5202 

4062 

1)44 

I446 

750 

2401 

•  61 

725 

0)0 

504 

10» 

>040 

2015 

5755 

1055 

1277 

7946 

1421 

1454 

TOI 

2452 

•  65 

772 

•  >4 

504 

1900 

»22 

2025 

10002 

1057 

5201 

7445 

1474 

1460 

704 

2502 

•67 

010 

0>9 

501 

1902 

>5)2 

PA  LTCONINC 

IOTA  TAAtf 

7542  7 

PARlir.lPANTS 
76941  54030 

)024» 

3)5)1 

15405 

4)210 

27650 

12100 

12514 

2>92> 

)5t5) 

>1297 

1005 

oooor 

70256 

70005 

55175 

35726 

))99l 

15077 

4)5)4 

27040 

11401 

12000 

2)990 

41112 

>0000 

1005 

04050 

70021 

79449 

572<»0 

42971 

)4V04 

10099 

44)02 

20510 

11400 

1)027 

2440) 

45417 

4)070 

2005 

070)1 

75)14 

00739 

5d))4 

454)1 

)55iO 

10)90 

44326 

205)4 

11)72 

1)20) 

25051 

40721 

490)0 

2015 

OOlOA 

•0215 

01820 

1V)45 

47543 

301)7 

10061 

455)5 

25)70 

11)01 

1)407 

25470 

51101 

920)5 

2025 

5I77T 

•  1014 

02  5  74 

4000) 

44960 

)o5eo 

10074 

45652 

29051 

11)15 

1)055 

25709 

5215) 

55117 

IOTA 

2550 

653 

AC7JV1 

1009 

TV  OATS 
1336 

325 

491 

240 

009 

255 

212 

>2) 

205 

41) 

050 

1005 

2orr 

664 

14)6 

304) 

)S4 

495 

245 

020 

)01 

221 

>00 

109 

540 

•04 

1005 

JI55 

675 

1442 

)150 

4)4 

512 

250 

042 

105 

240 

>00 

100 

OOT 

9*5 

2005 

5)05 

6rT 

1462 

3146 

404 

122 

201 

051 

ilA 

277 

>D 

191 

051 

1129 

2015 

5517 

002 

1101 

)l)6 

517 

5)0 

205 

Oil 

)20 

290 

>10 

195 

OO) 

1242 

2025 

1022 

406 

1897 

3105 

5)5 

5)7 

205 

002 

)2> 

>11 

>20 

19) 

705 

1520 

PA  NONOOI 
IOTA 

r 

>1204 

)25«0 

PANriciPANrs 
3)675  2239) 

144V0 

14594 

0770 

10550 

12257 

9175 

5015 

9919 

1)400 

llllf 

1005 

A0555 

405  71 

41952 

23010 

1924) 

10045 

0420 

2)450 

15211 

0041 

0900 

121)7 

lOOOT 

14001 

1005 

52104 

505)0 

12026 

35499 

25421 

2)205 

10522 

25061 

105)2 

7200 

•  727 

15200 

25)74 

22*15 

2005 

0457) 

61  756 

6)I0| 

435f  ) 

)2I40 

20))7 

1200) 

35114 

2297) 

•002 

lOOlO 

10490 

»I90 

>0*01 

2015 

T051A 

7)105 

74702 

52129 

35704 

))474 

15214 

41525 

27255 

10145 

12011 

22)9) 

4149) 

>9291 

2025 

OHIO 

•5005 

47471 

0147) 

48150 

>5004 

17054 

4055  7 

31994 

11709 

14041 

20>r> 

50T40 

49529 

IOTA 

570 

204 

OCriVlTV  OATS 

753  1415 

12) 

220 

100 

>5A 

DA 

07 

141 

07 

179 

221 

I0A5 

1)27 

155 

514 

1577 

170 

27) 

tlA 

441 

1A5 

107 

104 

too 

247 

>19 

1005 

1700 

4)0 

1204 

I5T2 

2)5 

>A| 

107 

551 

20A 

DO 

201 

121 

»0 

440 

2005 

2)1) 

526 

1451 

2)50 

111 

419 

200 

010 

250 

ITO 

244 

140 

442 

410 

2015 

207) 

620 

1715 

2151 

)55 

494 

202 

750 

297 

211 

200 

17) 

59) 

•42 

2025 

1500 

724 

2005 

3171 

451 

5A0 

205 

9)1 

>A9 

201 

»9 

201 

470 

100* 

IDS  ASSOCtATfS.  INC. 


IV-158 


TAtU  %.A.7— M«TICII»«TllW  IN  UCKCATION  ACTIVITIES*  OE«OSAAEHlC  ENOJfCflONS  TO  2«0TS»  TOCKS  IKAM  tAKC 
RICACAIION  SEAVieC  MCA*  AY  COUNTY  CUUA— HCOlUN  CAONtH  SEAICS 
lACTlVlTY  OAYS  IN  TNOUSANOSI 


ANC4 

SWIN 

EICNIC 

SSt 

elcas 

IICVC 

OOAT 

EISN 

HUNT 

CONE 

HONSC 

NCTCL 

ICf 

S«AT 

fiOlE* 

NIN 

TCAA 

-NINA 

-«INO 

ONIVC 

•LINO 

-INC 

-INC 

-INC 

HININC 

-INC 

OIDINC 

SNOHN 

-INC 

OQtE 

TCNNI9 

M  NONTSOMCftT 

EAMTICIEANTS 

lATA 

ASUSAO 

AlSi7t 

42«S7A 

312330 

229042 

tootso 

03190 

lAOTIt 

159000 

4AA0A 

70009 

190079 

239044 

223099 

IMS 

AOTFtA 

AASfOO 

401074 

3i0100 

256001 

205000 

00171 

290797 

100030 

47379 

74971 

149200 

272243 

211500 

IMS 

SAt 1 TA 

A0li7S 

49SII0 

102514 

20428S 

221310 

OI30A 

27033A 

100790 

70322 

•3050 

159149 

304600 

112506 

aoos 

STSIIO 

S12t7l 

S24A00 

161234 

302851 

235500 

101502 

203743 

101607 

73220 

00410 

14S4I3 

324634 

3332  73 

tots 

AOOOOS 

SS07AA 

SS1400 

401040 

324931 

240340 

lOOIOJ 

900300 

202007 

74204 

03207 

172194 

369012 

306040 

tots 

AAiSAS 

SAlttS 

974112 

A100I2 

342812 

290344 

114020 

320400 

210507 

70343 

07339 

170047 

340410 

900190 

• 

ACTIVITY  DAYS 

IOTA 

lAAOJ 

SAOl 

0420 

10500 

2244 

ttfl 

1322 

4300 

1003 

1317 

1704 

1114 

3109 

4010 

lOOS 

lAIOl 

lAlt 

10774 

17021 

2000 

3009 

1434 

4770 

1029 

1993 

lost 

HOT 

3417 

4220 

toss 

tIOSI 

A20t 

11370 

10370 

3075 

3242 

154  7 

91AT 

1907 

1004 

1023 

1190 

4092 

7300 

toos 

ttlTO 

AAOt 

12011 

20100 

3270 

3491 

1447 

9400 

2091 

1002 

2044 

1220 

4310 

7039 

tots 

tAOti 

AAOA 

12S04 

21007 

3574 

3430 

1734 

9774 

2200 

2002 

2140 

1202 

4441 

•  793 

tots 

tSIlA 

A7AI 

lilOO 

21444 

3804 

9000 

1413 

4032 

2300 

2233 

2244 

1334 

4004 

0449 

OA  NONTOUA 

AAHTIClEANfS 

IOTA 

USAt 

HAS} 

11861 

7070 

5528 

9103 

2440 

4567 

4220 

1720 

1039 

3471 

9400 

4407 

ISOS 

U7AI 

t22SA 

12S41 

8512 

0200 

9400 

2970 

6000 

0441 

1700 

2044 

3424 

4422 

5094 

ISOS 

ISOIA 

ISOOO 

13242 

0104 

7049 

9027 

2734 

7217 

4703 

1744 

2140 

3041 

7343 

490T 

lOOS 

lAOOA 

tJ70S 

13079 

0722 

7709 

410A 

2004 

7464 

4040 

loot 

2209 

4001 

•229 

•003 

tots 

uots 

lAAll 

14702 

10114 

8424 

0400 

3053 

0037 

5220 

1074 

2410 

4343 

0004 

0009 

tots 

UtOi 

lAASS 

14710 

10141 

8040 

4599 

30A0 

0024 

9240 

1017 

2432 

4337 

0202 

0920 

ACTIVI1V  DAYS 

107A 

SOS 

AS 

277 

400 

50 

74 

90 

127 

44 

31 

47 

20 

T2 

04 

ISAS 

AAO 

lOS 

20S 

45S 

00 

Ot 

At 

ISA 

40 

34 

47 

20 

•4 

121 

ISOS 

SIO 

110 

304 

482 

70 

44 

AA 

1A9 

91 

30 

40 

20 

04 

140 

toos 

SAA 

tis 

310 

900 

00 

Ot 

AO 

151 

94 

49 

91 

31 

110 

140 

tots 

AIT 

121 

334 

520 

00 

09 

AO 

ISO 

97 

40 

94 

32 

III 

207 

tots 

ASA 

120 

3SS 

510 

03 

04 

AO 

100 

97 

91 

99 

92 

124 

221 

OA  •AATNUNCiECANO 

EAATlClEANrS 

lOfA 

ASITI 

A92IS 

AA512 

41800 

20744 

20204 

tSA5A 

30013 

23040 

0420 

10030 

10042 

20433 

tSOTfl 

tots 

AOlOl 

A7/2A 

A923S 

404/0 

33700 

30474 

14207 

30107 

24OO0 

0307 

11371 

10744 

36054 

30347 

ISOS 

7SV10 

71SI0 

72  760 

50160 

S015S 

32201 

15011 

40120 

20010 

0432 

12015 

21135 

30546 

3  7049 

toos 

ilost 

7A2AA 

7>f80 

527J6 

41703 

33O90 

15A00 

41034 

27105 

0003 

12550 

22224 

46000 

43011 

tots 

ASOJl 

74412 

78007 

5400S 

44605 

34  700 

10223 

42072 

27990 

10072 

12004 

23177 

47630 

4T724 

tots 

•ASAO 

7071$ 

0014S 

50610 

00072 

39442 

10700 

43001 

20701 

10214 

13373 

23004 

40637 

91949 

ACTIVITY  OAYS 

lOFA 

toso 

sss 

1540 

2070 

260 

430 

217 

710 

290 

140 

241 

142 

300 

471 

ISOS 

tJOO 

S70 

Ult 

2400 

3IS 

447 

224 

710 

240 

170 

250 

154 

056 

019 

ISOS 

tlAA 

AOS 

14  70 

2030 

376 

4f3 

230 

701 

203 

204 

24? 

140 

520 

700 

toos 

sot? 

42A 

ITIS 

2700 

420 

404 

250 

•  14 

209 

232 

270 

I4T 

900 

040 

tOiS 

StAA 

AAS 

1781 

27ST 

471 

StI 

250 

•AA 

309 

294 

200 

172 

030 

loot 

tots 

SAAO 

ASO 

1010 

2702 

500 

sto 

244 

040 

314 

279 

204 

179 

074 

1100 

OA  ENUAOflEMU 

(  OfCAMAAC 

A*«flC|EANfS 

IOTA 

tAIOTTA 

ISS16AS 

1608446 

1125274 

764401 

420391 

251000 

•OOOA9 

920003 

247400 

227730 

694400 

703012 

700244 

toos 

I711S9A 

IA22IAA 

168  7007 

1178701 

040167 

055727 

203003 

005353 

H1042 

264494 

230410 

510190 

•01693 

•41709 

toos 

IT020A0 

lAAIOlA 

1  702775 

1202510 

•04445 

OAO300 

207060 

012422 

546520 

238443 

242205 

514500 

056000 

9J2514 

toos 

tCIJASA 

tAAAAYd 

1706901 

1207820 

027060 

070405 

260610 

010523 

549950 

234810 

243777 

914737 

1000375 

999254 

tots 

lAISOOt 

lAlSUA 

1609068 

1200804 

04684? 

OOO2I0 

200710 

003525 

5474  70 

230900 

242901 

514170 

1027036 

1040 305 

tots 

lOtAStO 

lAI27iA 

1070447 

1102381 

052103 

000700 

105006 

•00203 

540372 

224714 

240230 

509029 

1016203 

1072715 

ACTIViTV  OAVS 

IOTA 

SSSSI 

IISOO 

J70AA 

47407 

7320 

02AA 

3000 

19140 

5957 

440S 

4341 

40TT 

0601 

14933 

tool 

AtStS 

I407i 

S025I 

03445 

•525 

0000 

4159 

15090 

5770 

4914 

4200 

3091 

10929 

10324 

toos 

AAATS 

lAIAS 

S0405 

04154 

0320 

0050 

4223 

10113 

5001 

9314 

4171 

3050 

11004 

20750 

toos 

A9ISI 

lAOlO 

30100 

0344S 

OOll 

OOIA 

6240 

10212 

5091 

5501 

4109 

3040 

12317 

22029 

tots 

TOTTJ 

11074 

30051 

02209 

10340 

0003 

4234 

30150 

9009 

9090 

0174 

3010 

12740 

24542 

tots 

rittr 

iiOJO 

S842S 

00440 

10S4O 

0772 

4107 

19074 

9700 

0030 

4074 

3799 

12047 

29401 

EA  EUC 

EAATIClEANrS 

IOTA 

iSJt 

0904 

8723 

5801 

4190 

3001 

till 

A04A 

1210 

1224 

1407 

2409 

4092 

3599 

toos 

IIOSA 

IIS2I 

11727 

7840 

5000 

9370 

2441 

4404 

4300 

1927 

2017 

9300 

4009 

9909 

toos 

IS071 

14112 

14322 

0731 

777S 

4430 

3000 

7014 

9203 

ITTB 

2407 

4030 

0050 

7470 

toos 

lists 

17SA1 

17610 

12002 

0007 

4107 

3720 

0400 

0904 

2100 

9079 

4092 

10609 

10200 

tots 

tSSAt 

2I2SS 

21586 

14701 

ItSOO 

10003 

A900 

11090 

Tool 

2930 

3704 

4004 

13149 

1340? 

tots 

ttoss 

tsotj 

total 

17024 

19030 

tttos 

99  79 

IA300 

0404 

2079 

4400 

7940 

14044 

10009 

ACTIVITY  OAVS 

tOTA 

tOA 

72 

203 

342 

3Y 

90 

to 

OA 

39 

29 

14 

21 

94 

Tl 

toos 

Att 

ST 

trj 

410 

St 

70 

30 

127 

07 

31 

43 

29 

•I 

119 

toos 

S9S 

110 

320 

500 

T? 

07 

AO 

197 

90 

41 

91 

30 

too 

142 

aoos 

Til 

lAl 

307 

004 

102 

120 

90 

IOA 

Tl 

91 

42 

34 

140 

224 

tots 

010 

174 

484 

720 

132 

too 

73 

230 

00 

40 

74 

44 

170 

300 

tots 

list 

210 

SfS 

iSO 

iOA 

too 

00 

too 

107 

07 

01 

92 

223 

304 

EA  SCNUYLKUL 

EOKTIClEANfS 

90404 

IOTA 

utloo 

io«aoo 

106800 

74092 

55779 

A94I3 

tiOOA 

37103 

19140 

14000 

323T0 

90121 

34044 

tots 

lOAOAA 

100714 

111141 

72011 

50000 

ATAOO 

ttoso 

40459 

103  74 

14744 

17999 

30449 

49704 

42047 

toos 

UAA07 

113700 

116070 

70213 

55300 

A0700 

24002 

43020 

40144 

19109 

10440 

32000 

55404 

64490 

toos 

itsoot 

1190S7 

121580 

80111 

00070 

92SOO 

2930T 

4957? 

42100 

19203 

10443 

33410 

42259 

94100 

tots 

ISIAOS 

ttsosi 

127243 

85413 

OHIO 

99107 

2AA0A 

409A3 

44102 

19021 

20430 

39024 

70014 

4993T 

tots 

lASISA 

150114 

132548 

OlSOl 

7T0tl 

9T730 

tTOtO 

71203 

04101 

14247 

21300 

30209 

02099 

•4072 

OCTIVIfV  OATS 

IOTA 

A0S7 

000 

2478 

421S 

953 

471 

ISO 

IIAA 

402 

304 

412 

1ST 

ITO 

1171 

toss 

ISIt 

020 

2570 

3004 

457 

407 

34A 

1100 

414 

277 

404 

244 

443 

090 

toos 

SA70 

0A2 

2075 

4120 

500 

733 

Sit 

1240 

439 

too 

417 

194 

130 

000 

toos 

Alls 

001 

2  700 

4220 

570 

772 

AOS 

1317 

490 

300 

430 

241 

•31 

1127 

tois 

AAtl 

lost 

2803 

4SOO 

AOO 

012 

A23 

1304 

401 

339 

492 

273 

039 

1349 

tots 

9AAS 

1070 

3015 

4470 

020 

OAO 

AAS 

lAAO 

902 

494 

470 

202 

till 

1029 

IM  ASSOCIftTCS.  INC. 


IV-159 


T 


TMW  rMTICIMTION  IN  l«  UCMATION  MIIVITICS.  OeNOEMMIC  MOJfCTIOM  10  ttOM.  TOMS  IHHW  UUl« 

NtUMTION  SENVICi  MEN.  OT  COUNfV  CIUIUN— MEOluN  MONTH  SENIEt 
INCIINIIT  ONTS  IN  INOWtMIOSI 


SHIN 

riCNic 

SS. 

OlOAS 

•  ICVC 

•OAT 

•  ISN 

NUN7 

CANO 

NMSf 

NCVCL 

tCf 

SKAT 

COLO* 

NIN 

VfM 

•NINO 

-KING 

OOlVf 

-LING 

-ING 

•ING 

-ING 

NUIHG 

-ING 

•10IN6 

SNOMN 

-ING 

GQL4 

TfNHIf 

M  SMVOCt 

0AR7ICI0ANrS 

0400 

l«74 

20404 

20707 

21171 

14920 

0529 

0220 

12030 

7700 

3042 

3004 

4710 

0034 

l«M 

24410 

2)927 

24147 

17130 

11090 

10011 

0412 

13420 

ETSE 

3717 

3040 

7554 

12220 

11100 

1999 

20)49 

24244 

26007 

19420 

14107 

11O04 

9300 

19193 

0790 

0001 

0040 

0040 

10050 

10101 

aoof 

)1)00 

24i44 

20093 

21110 

14047 

12023 

5400 

14311 

10949 

0294 

0407 

0103 

17059 

14000 

ati9 

94079 

31200 

31000 

23324 

14200 

10249 

4040 

17444 

11491 

0419 

9303 

10150 

10000 

aoa» 

97)09 

))249 

33000 

24017 

104M9 

19210 

4001 

10030 

12020 

0490 

9704 

10924 

21235 

21003 

« 

AC7ivirv 

DAYS 

1919 

470 

141 

909 

049 

4T 

137 

47 

220 

40 

90 

03 

59 

125 

140 

1999 

040 

207 

974 

097 

110 

199 

77 

291 

09 

44 

too 

41 

1999 

10)7 

2)0 

420 

1074 

103 

174 

44 

241 

100 

•3 

100 

44 

100 

312 

1999 

llOi 

244 

474 

1144 

100 

140 

03 

309 

119 

07 

lit 

72 

220 

2019 

1)44 

244 

740 

1241 

109 

200 

10) 

3)7 

127 

113 

130 

79 

240 

044 

2029 

1444 

249  . 

707 

1302 

214 

223 

119 

340 

135 

124 

ijt 

93 

200 

024 

99  SULLIVAN 

OAOflCIOi 

INTS 

1074 

3719 

3049 

3094 

2499 

1703 

1704 

409 

22)9 

1047 

410 

470 

1170 

1475 

loot 

1009 

)04l 

3449 

3943 

2447 

1000 

17«0 

400 

2212 

1092 

940 

471 

1155 

1441 

1711 

1009 

4094 

3040 

3047 

27)0 

2004 

1409 

412 

2212 

1050 

900 

074 

lit* 

2070 

1071 

2009 

4179 

3004 

3042 

2742 

2199 

1421 

410 

2210 

1047 

934 

400 

1177 

2211 

21T9 

2019 

4277 

3010 

3072 

2700 

2209 

14)4 

429 

2212 

1479 

920 

400 

1103 

2342 

2394 

2029 

4)44 

3010 

3017 

2015 

2)13 

1404 

430 

2211 

1470 

920 

403 

1107 

2093 

2007 

Acrtvirv 

DAYS 

1074 

121 

3) 

03 

174 

14 

24 

13 

02 

14 

10 

17 

19 

23 

20 

1009 

13) 

33 

03 

194 

14 

24 

13 

02 

14 

It 

14 

0 

29 

1009 

149 

3) 

01 

199 

20 

20 

13 

02 

14 

12 

19 

0 

20 

03 

2009 

199 

33 

90 

193 

22 

27 

13 

03 

14 

12 

IS 

0 

30 

04 

2019 

14) 

31 

00 

191 

23 

27 

19 

03 

14 

13 

If 

0 

32 

93 

2029 

140 

31 

90 

140 

29 

27 

19 

03 

14 

14 

15 

0 

33 

94 

OA  SUSOU(H«*iNA 

OARflCIOANrS 

1074 

23742 

24007 

24994 

1/000 

IttOI 

10709 

0074 

13439 

4474 

3400 

0020 

7550 

10400 

0100 

1009 

2TU0 

24392 

24993 

14747 

13174 

11400 

5054 

15070 

0471 

0010 

0011 

0190 

13330 

12044 

1009 

)I020 

20924 

30930 

21434 

19947 

11930 

4254 

10041 

iloos 

020) 

9097 

0207 

10920 

19944 

2009 

34029 

33174 

33449 

24103 

14394 

19000 

4035 

14424 

12202 

0740 

9407 

10300 

10330 

14440 

2019 

40400 

144)2 

37327 

24742 

20940 

10012 

7441 

207)4 

1)403 

9142 

0200 

11000 

22201 

22301 

2029 

44412 

40004 

40711 

20310 

23400 

14102 

4411 

22501 

14744 

9942 

0400 

12990 

29077 

25909 

ACTIVirv 

OAVS 

1074 

700 

200 

977 

1000 

too 

194 

TO 

290 

04 

47 

103 

45 

109 

101 

1009 

040 

230 

434 

1070 

129 

173 

4? 

240 

109 

74 

107 

44 

170 

203 

1009 

1192 

254 

701 

1204 

197 

104 

100 

329 

120 

•0 

119 

72 

221 

930 

2009 

1)42 

204 

777 

1334 

140 

220 

110 

341 

133 

107 

1)1 

90 

290 

020 

2019 

1940 

111 

499 

1492 

221 

200 

122 

000 

107 

129 

too 

99 

200 

ooo 

2029 

1727 

3)0 

0)1 

1992 

292 

247 

194 

034 

141 

142 

199 

05 

337 

900 

OA  UNION 

)««TrCI04NTS 

1074 

lOOU 

10743 

202)4 

1420) 

0340 

4003 

9057 

11400 

7301 

3500 

3309 

4034 

0202 

0073 

1009 

22011 

21739 

22392 

19044 

11095 

0417 

0)49 

12419 

•  101 

3020 

3493 

4074 

11310 

10302 

1009 

29741 

2303) 

24491 

17423 

12400 

lOfl) 

0404 

13744 

•400 

3020 

0097 

7472 

13021 

12703 

2009 

20402 

2909) 

24440 

10140 

10970 

11419 

5251 

14444 

0007 

343I 

0033 

•  320 

15000 

15191 

2019 

)t)91 

20071 

2074) 

21010 

14200 

12414 

9407 

14150 

10901 

0177 

0400 

0140 

17320 

1T099 

2029 

3)044 

301)9 

30490 

22997 

17400 

13701 

4120 

17304 

11240 

0010 

9179 

0034 

10074 

10992 

AC7|Vt7V 

DAYS 

1074 

441 

174 

409 

074 

40 

1)0 

49 

204 

•0 

97 

OO 

50 

122 

170 

1009 

707 

102 

939 

440 

107 

too 

40 

230 

04 

49 

03 

54 

150 

229 

1009 

0)7 

210 

574 

040 

120 

190 

74 

253 

04 

74 

00 

40 

177 

203 

2009 

1047 

224 

410 

1000 

151 

17) 

44 

274 

109 

•  7 

107 

40 

200 

309 

2019 

1197 

24) 

472 

tool 

172 

104 

0*. 

'‘'O 

114 

00 

117 

TO 

290 

007 

2029 

1)19 

240 

7  to 

1191 

102 

202 

s. 

)2> 

123 

111 

120 

75 

250 

040 

OA  NAVMf 

fOATIClOiNTS 

1074 

20400 

21)21 

21407 

14911 

9407 

0000 

0039 

12129 

7403 

3100 

3020 

4)17 

0522 

•  109 

1009 

24)40 

23  704 

24194 

14340 

11007 

10419 

0000 

13424 

4709 

3327 

0004 

4044 

12000 

lOOOO 

1009 

20004 

27101 

27400 

19141 

140)4 

12)00 

5000 

19)11 

10001 

3441 

0037 

4000 

15100 

10390 

2009 

)400) 

11213 

31493 

22247 

170)4 

10200 

4530 

17402 

11910 

0203 

9309 

0307 

14971 

10237 

2019 

30222 

393)0 

34022 

29427 

20031 

10212 

7013 

10443 

13090 

0402 

4000 

107)3 

21044 

2210) 

2029 

44101 

30302 

40193 

24440 

23521 

14000 

4272 

22134 

10991 

917) 

4704 

12002 

29204 

20040 

ACTIVI7T 

OAVS 

1074 

070 

102 

904 

003 

•• 

102 

71 

232 

•4 

57 

97 

50 

127 

140 

1009 

044 

20) 

944 

400 

III 

190 

TO 

294 

09 

44 

01 

95 

141 

224 

1009 

1092 

231 

432 

10)2 

105 

102 

00 

204 

100 

41 

102 

41 

202 

304 

2009 

1201 

240 

727 

1172 

141 

210 

100 

341 

124 

100 

119 

71 

204 

009 

2019 

1910 

207 

420 

1)04 

210 

2)0 

114 

347 

lot 

129 

130 

99 

200 

900 

2029 

1724 

331 

013 

142S 

250 

249 

132 

032 

194 

109 

100 

99 

337 

492 

OA  4000100 

)«4TICI)4NTS 

1074 

1)440 

1)444 

1)030 

9494 

0315 

4100 

2414 

7400 

9100 

2220 

2)21 

0207 

4102 

5220 

1009 

191)2 

14710 

19044 

10499 

7)01 

4477 

3000 

•074 

9070 

225? 

2900 

0571 

7000 

447? 

1009 

17141 

141)3 

144  40 

IITOO 

4501 

7304 

3)05 

0247 

4004 

2309 

2799 

5002 

•020 

0391 

1000 

too  10 

17914 

17447 

12714 

0729 

0020 

3052 

10012 

4924 

2504 

3007 

5000 

10201 

0009. 

1019 

20221 

10200 

1449) 

1144) 

10919 

0307 

1420 

10020 

4427 

2429 

3100 

0799 

11140 

11190 

0029 

21240 

10010 

10)44 

14020 

11211 

0793 

3044 

10023 

7100 

2447 

3202 

4025 

11073 

12232 

OCTIVIfV 

DAYS 

1004 

0)0 

110 

)30 

410 

94 

01 

09 

107 

99 

34 

50 

37 

02 

194 

lOOO 

921 

120 

194 

904 

40 

00 

04 

194 

90 

02 

41 

3? 

00 

109 

•004 

417 

140 

343 

494 

•4 

104 

9) 

170 

49 

59 

45 

30 

110 

170 

iOOO 

704 

191 

414 

400 

00 

114 

94 

100 

71 

57 

70 

OS 

134 

222 

0040 

in 

194 

431 

TIO 

111 

129 

41 

100 

TO 

43 

74 

00 

100 

257 

flOOO 

•2% 

141 

447 

732 

120 

124 

43 

297 

77 

40 

74 

04 

141 

294 

■  m  *««■«•••«.  t«c. 


IV-160 


MIA 

TIM 


mil 

60LI  TIIMIS 


TMtl  l•A.7«^M«TtCIIArlUN  IN  lA  AlCAfATION  ACtlV|T|M*  0|N0GAAlN|C  MOjfCtlOftS  fO  tvIMt 
MCAIAIIUN  IMVICI  Ml*.  NT  COUNfV  CAOUN^IIf OlUM  MOMlH  SINUS 
INCflVlfT  MVS  IN  VNQUSANOSI 


roCRS  IU.AIMI  tMt 


SSi 

SHIN  lICNIC  AllAS  IICVC 

-NiNb  ««IN6  ONI VI  -LINO 


lOAt  TItM 

-IN6  .IHO 


NUNf  CANO  MMSI  NCVCL 

-INO  NININO  -INO  NIOINO  SNOHN 


ICI 

SNAT 

-INO 


0 


OA  NONfOOMNV  OAMriCtlAMtS 


lOfA 

AStfSAO 

AISiTl 

A1A0  7A 

IIISSO 

119041 

looiso 

0SI90 

lAoni 

199000 

1009 

AOTTIA 

AAO TOO 

A4I0  7A 

Si4IOO 

1940AI 

1090 AA 

001  n 

19079T 

1000 SO 

1009 

SAiiro 

AOSiTO 

A09SI0 

S419S4 

1A41AS 

IIISIO 

OISOA 

ITOSSA 

100700 

1009 

979110 

911171 

91A000 

SOtllA 

S0109I 

1S99A0 

101901 

10I7AS 

lOIAOf 

1019 

A00009 

SSOfAA 

ssiAoa 

401040 

S140SI 

1 AOS AO 

100101 

SOOSOO 

101007 

1019 

ASOSAS 

9AI109 

9IAIII 

410011 

SAlOll 

ISOSOA 

ItAOlO 

SlOAOf 

110907 

- 

IOTA 

lAAOS 

SAOT 

0010 

10900 

1144 

ini 

ISll 

ASOO 

140S 

1009 

lOOOi 

soil 

lOTTA 

ITOli 

1400 

soos 

lASA 

4770 

1019 

1009 

11091 

AlOl 

IISTO 

lOSfO 

S0?9 

SlAl 

19AT 

9147 

1047 

1009 

IISTO 

AAOl 

lion 

10100 

S17A 

SA9t 

lAAT 

9400 

2001 

1019 

lAOlS 

AAOA 

I190A 

11007 

1970 

SASO 

irso 

9774 

1204 

1019 

19SIA 

ATOI 

lilOO 

11444 

SAOO 

SOOO 

UlS 

40S1 

ISOO 

OA  NONTQUN 

PAHTICIPANfS 

lOfA 

119A1 

IIA91 

IIAAI 

7070 

9910 

OIOS 

1440 

494T 

4120 

t009 

tlTAS 

11100 

I19AI 

•911 

4100 

SAOO 

2910 

4000 

AAAI 

1009 

liOIA 

IJOOO 

ISlAl 

0144 

1049 

SOIT 

irso 

Till 

AIDS 

1009 

lAOOO 

ISTOO 

ISO  rs 

OTll 

7749 

AlAA 

1004 

7444 

4040 

1019 

lAOIS 

lAASl 

lATOl 

I0SI4 

•414 

AAOO 

S09i 

•OST 

9124 

1019 

lAlOO 

IAA99 

14710 

I0S4I 

4440 

ASSS 

SOAO 

•014 

SIAO 

ACTiVltV  OATS 

I07A 

SOS 

00 

177 

400 

90 

TA 

SO 

111 

44 

1009 

AAO 

109 

lOS 

499 

40 

•1 

At 

1S4 

40 

1009 

910 

ItO 

SOA 

401 

70 

•A 

AA 

I4S 

91 

1009 

9AA 

119 

SIO 

900 

•0 

ot 

44 

191 

94 

1019 

AIT 

111 

SSA 

910 

00 

OS 

AO 

190 

97 

1019 

ASA 

110 

SIS 

910 

OS 

04 

AO 

140 

ST 

OA  NONfNUMAtALANO 

PAATICIPANTS 

lOtA 

AllTI 

A911S 

4*911 

4»t04 

10  74 A 

lOlOA 

ISA9A 

S401S 

2S040 

1009 

AOSQl 

ATflA 

4HSS 

444  74 

SS70A 

SOA  TO 

1A107 

S0IO7 

1A4A0 

1009 

T9VI0 

7IJS0 

flTAO 

SOI  40 

S0I99 

SllOl 

19011 

A0I14 

14010 

1009 

01091 

Taioa 

T9TA0 

92T14 

Airos 

ssaso 

19400 

AI4SA 

17109 

1019 

OSOil 

TAAIl 

TOOAr 

9900S 

44409 

SATOO 

1421S 

A1471 

17900 

1019 

OOSAO 

I0TS9 

0014S 

94410 

A4A71 

SSOAl 

14700 

AS041 

10701 

ACTIVIIT  OATS 

1074 

10  SO 

999 

1940 

IOTA 

lAO 

ASO 

111 

no 

290 

1009 

liOO 

910 

lAll 

1400 

SIS 

AAT 

114 

710 

140 

1009 

ITaa 

AOO 

14  70 

lAIO 

S7A 

ATS 

ISO 

701 

lOS 

1009 

soil 

AlA 

Ills 

ITOA 

AlO 

AOA 

190 

•  14 

109 

1019 

SIAA 

AAS 

HAS 

1797 

Afl 

SIS 

290 

•44 

SOS 

1019 

SAAO 

A99 

lOSO 

SOA 

SIA 

144 

••• 

S14 

#A  ANliAOflNMfA 

«  OTIAPAAf 

PAATfCJPAA-fS 

7A4A07 

lOfA 

lAlOTTA 

1991AA9 

lAOAIAA 

U29174 

AlASSl 

291000 

•400AS 

S1044S 

1009 

ITSDOA 

lAllSAA 

lASfOAf 

1119707 

•AAlAf 

ASSTir 

14SA0S 

009 SSS 

9AI0A1 

1009 

ITOIOAO 

lAAlOfA 

I701TT9 

I1019IA 

00444S 

AAASAO 

147040 

017421 

9AV910 

1009 

lOlSOOO 

lAAAAOO 

irOAlOl 

11G701O 

01 70AA 

470449 

140*10 

OI091S 

940994 

1019 

I0S90O0 

IAI9IAA 

1409040 

I104A04 

0AAA4  7 

AA0119 

100714 

001919 

947*70 

1019 

I01A910 

lAllTOA 

lATOAAT 

lioisoi 

09110S 

AA0700 

149404 

400141 

9A0SI1 

ACriVIIT  OATS 

IOTA 

999S1 

ISSOO 

SrOAA 

47447 

7910 

0144 

SOAO 

191A4 

9991 

1009 

A1S19 

lAOTJ 

S019I 

AS449 

•91S 

0400 

AI99 

19494 

9770 

1009 

AAATS 

lAIAO 

S0409 

44154 

9S1A 

0094 

Alls 

14US 

9041 

1009 

A9I91 

lAOlO 

SO  104 

41449 

oou 

0014 

A2A0 

14111 

9001 

1019 

TOTTS 

IIOTA 

90091 

411A9 

lOSAO 

ooos 

42  SA 

14190 

9040 

1019 

Tllll 

ISA  SO 

SOAIS 

40440 

tOSAO 

0771 

AI07 

190T0 

9700 

NA  PUI 

PANIICIPANTS 

IOTA 

0911 

•  90A 

•  TIS 

9001 

Also 

SOOl 

ton 

0044 

SI  10 

1009 

llOSA 

11911 

11727 

704  0 

sooo 

SSTO 

lAAl 

4404 

0S04 

1009 

19071 

lAill 

I4S11 

0791 

777S 

44  SO 

SOOO 

7014 

910S 

1009 

10919 

ITSAI 

IfAIO 

llOOl 

00A7 

•  107 

STIO 

0400 

4904 

1019 

1S9A1 

11100 

11904 

14  701 

tisoo 

tooos 

4900 

11090 

TOO! 

1019 

lOOSS 

1901 S 

lAlll 

17014 

ISASO 

11109 

9979 

lOSOO 

0404 

ACTIVITT  OATS 

IOTA 

lOA 

71 

lOS 

141 

ST 

90 

10 

•4 

ss 

1009 

All 

07 

27J 

410 

ST 

TO 

SO 

IIT 

47 

1009 

999 

110 

SIA 

900 

TT 

OT 

AO 

IS? 

•0 

1009 

TIT 

IAS 

SOI 

A04 

101 

110 

SO 

104 

n 

1019 

010 

ITA 

A04 

71A 

ISl 

lot 

TS 

ISO 

•0 

1019 

IISl 

110 

SOS 

•90 

lAA 

100 

•0 

too 

lOT 

PA  SCNUVLNUl 

PAATICIPANTS 

IOTA 

IIITOO 

lOAOOO 

104040 

74091 

sons 

0901S 

llOOA 

90404 

S714S 

1009 

I0A9AA 

lOOTIA 

IlllAI 

71011 

SOOOA 

ATAOO 

11090 

40499 

SOS  74 

1009 

IIAAOT 

1  ISTOO 

114074 

7411S 

99SOO 

AOfOO 

lAODl 

41010 

40140 

1009 

IlSOOl 

llOOOf 

111940 

OOIII 

A0070 

91900 

19107 

49977 

41100 

1019 

IS1A09 

llAOJI 

tiri*s 

09411 

ATtIO 

99I0T 

100  OA 

4094S 

AAtOl 

1019 

IA9ISA 

IS0I9A 

IJ1S40 

01991 

non 

STTSO 

27010 

THIS 

AOIOS 

ACTIVITT  OATS 

IOTA 

A09T 

000 

1474 

Alls 

sss 

on 

ISO 

1144 

401 

1009 

S9W 

OlA 

1970 

S004 

AST 

OOT 

S40 

1100 

014 

1009 

SOTO 

OAl 

1479 

4110 

SOA 

TIS 

SOI 

1140 

ASS 

1009 

ASI9 

001 

1740 

4114 

STA 

TTt 

oos 

isir 

ASO 

1019 

AOIS 

lOSl 

lots 

4S00 

AAO 

•  11 

Oil 

isoo 

401 

1019 

SAAO 

1070 

S0I9 

4410 

•14 

000 

OAS 

1000 

SOI 

44404 

TOOOS 

ISOOTS 

2SS044 

21S0SS 

4TS7S 

74071 

149100 

1T124S 

271900 

T0S12 

ososo 

199149 

S04400 

SI1944 

TSllO 

••410 

10S4IS 

S144I4 

SSS171 

74104 

0S107 

IT1SS4 

S400I1 

14*400 

TOSAS 

07SSS 

1 TOOAT 

140410 

SOOISO 

ISIT 

1700 

1110 

SIOS 

4010 

ISIS 

lost 

HOT 

SAIT 

4120 

1404 

lois 

IISO 

4091 

TSOO 

tool 

2004 

1110 

4SI0 

TOSS 

1001 

1140 

1201 

4441 

•  79S 

12SS 

2144 

ISSO 

4004 

OOOS 

1710 

loss 

S4TI 

9400 

440T 

1700 

2044 

S414 

4411 

SOSO 

1740 

2140 

S041 

TS4S 

0007 

loot 

nos 

4001 

•119 

•OOS 

1074 

1410 

4S0S 

0004 

ooos 

lOST 

lost 

ASST 

0101 

0S20 

SI 

or 

10 

T2 

•4 

S4 

OT 

10 

04 

121 

SO 

00 

20 

00 

140 

40 

SI 

91 

no 

too 

40 

so 

12 

111 

207 

SI 

SI 

92 

110 

221 

0410 

100  so 

10042 

104SS 

21070 

0S07 

iisn 

10T44 

S4090 

SO  147 

0411 

11019 

HISS 

S0944 

SrOAS 

0441 

11990 

21114 

4*000 

Alois 

10071 

ilOOA 

ism 

07410 

47724 

10114 

ISSTS 

1S444 

S04S7 

SIS4S 

140 

I4S 

142 

SOO 

OTI 

170 

ISO 

194 

494 

419 

104 

147 

140 

910 

TOO 

111 

170 

I4T 

SOO 

040 

ISA 

too 

172 

ASO 

loot 

2TS 

104 

ITS 

474 

1104 

14  7440 

117710 

40*400 

701411 

T00144 

144*04 

ISOAIO 

SlOlOO 

00)491 

041 TOS 

1S044S 

141109 

914900 

094400 

011914 

1S40IO 

lASTTT 

914717 

1000179 

009194 

isoooo 

141941 

914170 

I01TOS4 

10*4 SOS 

114714 

1401S0 

90002S 

lOHlOS 

loTins 

AAAI  ASAl 
AAiA  moo 
SSIA  Ain 
9SII  AIM 
0000  AI7A 
A019  AOfA 


AOTT 

son 

SOSO 

SOAO 

SOSO 

ST9S 


OAOS 

lOOU 

IIOOA 

USIV 

KVAO 

UOAT 


lAOBS 

lOSlA 

sorso 

t<o<s 

<ASAI 

OSAOI 


1214 

1407 

1409 

4092 

SSSl 

1917 

lOIT 

SSOO 

OOOS 

9S0S 

IT7S 

1407 

4010 

OOSO 

7470 

1100 

SOTS 

4091 

1044S 

10100 

1910 

9704 

4004 

1SS4S 

IS40T 

2fTS 

4400 

7S40 

14404 

I400S 

2S 

SO 

21 

94 

n 

SI 

AS 

29 

•1 

IIS 

41 

SI 

M 

lot 

142 

9S 

41  ' 

94 

140 

224 

00 

T4 

40 

ITO 

SOO 

IT 

01 

S2 

221 

S«0 

ISIAO 

lAfAA 

ISIOS 

mos 

ISOIt 

lAtAV 


lAOOO 

I  loss 
lOAAO 
lOAAS 
lOASO 

tisio 


SISTO 

SOAAt 

ssooo 

SSAtO 

SSOSA 

sotos 


90S2I 

AOrOA 

SSAOA 

AUSO 

TOOIA 

MOOS 


SAOAA 

AiOAf 

AOASO 

OAIOO 

AOSST 

OAOTt 


SOO 

412 

29? 

TTO 

IITI 

ITT 

404 

too 

009 

090 

200 

AIT 

294 

TIO 

000 

SOO 

ASO 

201 

•SI 

lUT 

SSS 

4S2 

2TS 

099 

1909 

494 

4T0 

202 

nil 

lots 

101  ASSOCIOrfSt  INC 


IV- 159 


tAlkt  mtlCIMTION  in  14  MCKUflCN  ACTIVlTItS*  OCMSM^MIC  MOJCCflOMS  TO  2«0IS«  TOCOS  IKSNO  UMC 

RCCMCATION  SIRViCf  MCA*  IT  COUNTT  CCOU*»^lliOlUN  MOMTM  SCAICS 
lACTIVITV  OATS  to  IHOUSANOSI 


A«CA 

SUN 

PICNIC 

PICAS 

•  ICVC 

VPAO 

-NINO 

'  -NIHO 

OAIVC 

•1  INC 

PA  VOMt 

PARTICIPANTS 

lfT4 

11S104 

149726 

144921 

119474 

IfSS 

224412 

20144  7 

214140 

191414 

tons 

214424 

271949 

217110 

170917 

2001 

200710 

292344 

29*191 

144271 

toil 

SOS 771 

270914 

274711 

200472 

<•29 

122404 

249144 

291471 

211494 

4CTIVITT  DAYS 

tOPA 

4407 

1414 

4**9 

4224 

iiii 

ilS4 

1413 

9091 

8112 

1019 

1904 

2011 

9477 

9231 

2001 

10744 

2144 

9944 

9904 

2011 

11414 

2114 

4191 

10440 

2021 

12471 

2417 

4442 

10414 

NJ  rOTAl 

PARrietPAwrs 

1114 

477412Q 

4491129 

4974299 

1109914 

lOAl 

9411149 

9144119 

9110471 

1429271 

tool 

4111241 

9447447 

949*169 

4290119 

2001 

4121744 

4140012 

4319**4 

*602492 

2011 

7492047 

4944970 

*7*411* 

4924926 

2021 

7417741 

4124049 

1117174 

9179709 

ACTIVITY  0*VS 

10*4 

141212 

74711 

107**4 

197912 

tool 

204101 

49171 

12**12 

209941 

1001  ' 

240444 

44497 

11*941 

22B943 

2001 

2444V7 

97114 

1*9*20 

24ii44 

2011 

212411 

94942 

199U1 

29*19* 

2021 

111144 

91119 

1*2417 

2«4i99 

MJ  MACfM 

p4«riciP4Nrs 

I0T4 

444711 

914424 

*101 7* 

44**55 

toil 

729474 

499140 

*7*11* 

44*191 

1011 

744444 

704249 

72291* 

92316* 

2001 

444411 

791441 

7  70121 

9976V4 

2011 

100444 

714104 

411519 

949914 

2021 

s 

3 

479172 

499iU 

*14479 

ACrfVlTY  0*V$ 

1074 

27179 

9147 

14209 

29*09 

toil 

27424 

9720 

19442 

23294 

toil 

10414 

4111 

14919 

27214 

2001 

11744 

4494 

17974 

24714 

2011 

19442 

4710 

1*9 10 

10010 

2021 

17712 

7114 

19412 

70471 

KJ  CSSCI 

P4RTIClP4NfS 

1174 

977714 

990140 

971600 

401471 

1101 

444447 

400101 

424249 

4*1119 

mi 

471411 

*08440 

411174 

*90244 

2001 

441447 

414140 

*41409 

49*179 

2011 

701741 

423420 

*4*19* 

*414*2 

2021 

717197 

*10979 

499249 

44  7941 

4CTt9l 

TV  OATS 

1174 

20242 

47*7 

11*42 

2409  7 

All! 

21441 

9214 

1*7*1 

21947 

Sill 

29110 

9272 

1*4*9 

21441 

2001 

24171 

9249 

1*141 

21449 

2011 

27291 

9310 

14449 

21479 

2029 

24011 

9141 

19017 

21190 

fU  MnSON 

P*NT|CIP4NTS 

1174 

411141 

402004 

411769 

244090 

1101 

414J24 

404009 

421041 

291902 

IIH 

491404 

421474 

41*204 

104492 

2001 

404772 

417041 

490044 

117192 

2011 

901717 

441129 

441991 

1274*9 

2021 

920120 

440141 

471029 

139914 

ACTIVITY  04YS 

1174 

14220 

1470 

9744 

14919 

IlCl 

19491 

7940 

9919 

19079 

1114 

17114 

7431 

10099 

19424 

2009 

14419 

1711 

1017V 

19921 

2011 

11999 

1411 

10414 

14199 

2021 

20410 

7414 

10474 

1*227 

NJ  NUNTPROOn 

PAKfICIPANTS 

1174 

91174 

41111 

91000 

17241 

1101 

71709 

49921 

A7191 

444*4 

1119 

17041 

41479 

09970 

42747 

2001 

110414 

14942 

100422 

714*4 

2019 

127204 

112290 

114724 

442*2 

2021 

141170 

SJ9718 

12*4  74 

94211 

ACTIYITT  DAYS 

1174 

1101 

474 

1192 

2280 

1101 

2447 

979 

1970 

2471 

1111 

7971 

771 

19A7 

1427 

2^01 

4171 

491 

2109 

1947 

2011 

9020 

147 

2421 

4441 

2029 

9444 

1077 

2979 

4444 

•04T 

PISM 

HUNT 

CANP 

NORSE 

NCVCl 

ICC 

*R4f 

60iP« 

NIN 

-1N6 

-IN6 

-INC 

HUINC 

-INC 

ftlOiNC 

SNONN 

-INC 

GOLP 

TUMIS 

91144 

•3393 

97942 

10T009 

00729 

29732 

3110* 

*9934 

94341 

0%%%9 

11141* 

9*0*0 

42371 

120114 

77171 

31*»3 

3*1 9« 

44*14 

114740 

1099*1 

129112 

104900 

47047 

112971 

•5414 

33790 

39097 

73347 

134993 

133740 

149914 

114*07 

91929 

141411 

911*0 

3*144 

42403 

79900 

1**423 

1*42*% 

IA0009 

122499 

99130 

194014 

10002* 

38401 

4*9*0 

•40** 

171492 

174930 

171*40 

129422 

90472 

101942 

10H90 

39447 

04*70 

00470 

104447 

192*00 

470 

1222 

997 

1974 

74* 

*32 

799 

494 

1239 

1747 

1104 

1340 

074 

2210 

•30 

424 

409 

*17 

1*49 

2370 

1712 

1932 

749 

2477 

927 

7*0 

910 

*** 

1421 

29*9 

1941 

1470 

020 

2712 

1013 

4** 

994 

404 

2077 

3970 

1779 

1402 

•00 

2912 

1019 

tool 

1074 

447 

228* 

4170 

1447 

1904 

930 

3070 

1144 

lOOO 

1130 

479 

2497 

461* 

2317902 

1949?*3 

4409*0 

2994*12 

1*14234 

717290 

72**49 

1442764 

2400904 

224199* 

24110*4 

22431*7 

979*49 

2992407 

14*3431 

742474 

44274* 

1**7094 

2994 339 

2934949 

12*7179 

29194*1 

1045094 

3294949 

28*4794 

434272 

91 7090 

1421 192 

34*940* 

3499111 

142912* 

27*0**9 

1142432 

39121*4 

224134* 

491*4  7 

1021102 

1971117 

3494497 

4021444 

19*1210 

2919429 

12*4769 

3747970 

2401230 

0*11*0 

10V5474 

210494* 

4241091 

4434411 

419**1* 

3102270 

1339146 

393*101 

2*29904 

97*210 

11*4414 

2213949 

4923791 

47*4432 

22791 

244*2 

13317 

49944 

17427 

13**1 

14913 

11492 

31012 

44442 

29112 

332*7 

19*42 

9124  7 

20132 

17104 

207*3 

12741 

3903* 

4*323 

3***0 

349*3 

17220 

99119 

223*7 

2041* 

22343 

13494 

4911* 

4101* 

399*2 

40237 

14767 

*4i94 

2*113 

23243 

24244 

14743 

90941 

9*492 

*3910 

431*2 

20134 

*4999 

2*077 

2*7*4 

24047 

19797 

*9902 

10491* 

**670 

49944 

21296 

72749 

27494 

27999 

273*4 

1*444 

99200 

11*717 

324*71 

270442 

120399 

141994 

22292R 

924*1 

1019*4 

199192 

343294 

330344 

17*790 

294103 

132**4 

377309 

24371* 

99*42 

111774 

204434 

394444 

399924 

41**10 

321194 

1*2704 

401949 

2*14** 

94*09 

120431 

222*17 

443 794 

494444 

491*17 

34*193 

192410 

429440 

279344 

109101 

124041 

237349 

44*774 

907107 

402474 

34*149 

1*1499 

491179 

29*094 

110044 

134*27 

291197 

914909 

967149 

911904 

34*22* 

170713 

479729 

3I1*2« 

113414 

144044 

2*29*3 

990730 

*•4944 

3301 

3970 

1914 

*144 

2414 

1442 

291* 

1*92 

49*0 

7247 

1997 

41*9 

2107 

*944 

2*49 

2242 

2*20 

1*79 

*31* 

9204 

4*94 

4707 

2270 

792* 

24*1 

2421 

2744 

1*4? 

9914 

10772 

49*9 

9043 

2432 

4043 

10*2 

2900 

244* 

1744 

*4*1 

12147 

9393 

9140 

2979 

4937 

3231 

1144 

3124 

14*4 

*907 

13273 

9709 

9031 

2719 

9002 

3404 

1*43 

327* 

1939 

733* 

14244 

2TT944 

229479 

44349 

310*32 

147499 

44141 

4231* 

177471 

20*92* 

249700 

1204VI 

244407 

9**04 

Si4(*7 

2014*1 

90942 

*0024 

19070* 

334901 

324491 

334*40 

290949 

94162 

341417 

204*72 

44714 

91*24 

192202 

3*2012 

3*0214 

191701 

299100 

91049 

344472 

209920 

44099 

43231 

194*23 

341*42 

347090 

1491*4 

299010 

99236 

347172 

21194* 

07499 

94*** 

19**39 

399703 

407199 

179241 

202494 

100647 

390*30 

214*73 

47294 

9*901 

194900 

407904 

424074 

2729 

fill 

1399 

*29* 

2003 

1*79 

22*4 

144* 

34*0 

*7*4 

3791 

3443 

1407 

*792 

2174 

1914 

2344 

1442 

412* 

7304 

1944 

3700 

1917 

*499 

2213 

2091 

2302 

1427 

4441 

•204 

3424 

3773 

1940 

9994 

2244 

220* 

2329 

1440 

4*4* 

9009 

4010 

3020 

1941 

*043 

2274 

2109 

2349 

1443 

4044 

941* 

41*4 

3001 

1944 

4149 

2104 

2199 

237* 

34*1 

*021 

toil* 

194441 

191370 

76394 

219332 

127490 

*1791 

**0*4 

12*132 

201 34* 

141217 

211034 

1999*1 

77679 

221402 

129009 

99111 

*9941 

12*243 

224414 

21204* 

224494 

1*19*9 

40670 

224304 

131419 

99001 

*4137 

129371 

247*21 

241427 

24*100 

1*0199 

014*9 

239410 

134119 

*0127 

40439 

13497* 

2*4*70 

270104 

299*4* 

171*09 

8*140 

241497 

142109 

*JI99 

*22*2 

139023 

24471* 

292417 

271101 

170141 

44717 

247199 

14*441 

01*99 

439*3 

142240 

2942*3 

310*01 

tOT* 

2277 

1212 

4179 

11*1 

till 

1*42 

101* 

2*4* 

3749 

2149 

2119 

1292 

4249 

13*7 

1209 

1499 

9*4 

2911 

4*99 

2417 

2404 

1240 

4411 

1417 

1300 

1*07 

94* 

3218 

*340 

2*71 

2499 

1331 

4*00 

1472 

1091 

1*43 

999 

349% 

4210 

247* 

2974 

1370 

4729 

1*10 

lot* 

1412 

1024 

3709 

*••0 

1041 

2*49 

1*08 

4494 

1*S* 

1720 

144* 

1040 

3047 

7407 

2*209 

22020 

I0S3S 

29024 

l••^l 

0074 

•*•1 

14474 

2497% 

2*104 

3*914 

30019 

13321 

17974 

24020 

99*1 

11203 

211*4 

34*27 

37409 

4442  7 

30494 

17049 

44114 

314*7 

12139 

144** 

24902 

*1430 

*2341 

94449 

49901 

20197 

*4724 

3;ioo 

10291 

17104 

31434 

42770 

**220 

47912 

91993 

210*2 

04907 

42331 

1011* 

19*29 

34132 

72030 

7A44* 

74910 

94373 

19911 

72120 

0747* 

17774 

21942 

40347 

0242* 

•  7*47 

294 

334 

141 

*11 

20* 

193 

214 

13% 

3*0 

*»• 

177 

440 

212 

094 

207 

219 

244 

143 

*19 

•*2 

917 

903 

272 

•9* 

302 

30* 

13* 

202 

%0I 

UU 

440 

000 

321 

10*9 

009 

*•1 

394 

210 

030 

1**7 

790 

701 

307 

1209 

002 

400 

4*3 

271 

073 

10** 

•94 

•99 

412 

I3S4 

»U 

*10 

*•0 

301 

110% 

21SS 

fOC  ASSKIATCS*  tMC 
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tiAt 
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SHIN  AICNIC  AiSAS  SlCfC  tOAf 

-NINA  -KINA  OAIVC  -ilNA  -INA 


Ml  NfACIA 

9AA7ICI04Nt9 

1074 

221414 

209147 

219027 

194444 

104117 

lOAi 

241191 

214007 

247944 

177144 

111917 

1009 

102174 

271144 

200444 

202AIT 

199414 

2009 

142492 

104003 

114149 

224704 

174744 

2019 

101214 

339111 

144214 

290141 

201947 

2029 

100914 

140792 

194044 

294429 

212941 

« 

Aciivir 

V  OAVS 

t074 

7041 

1011 

9079 

4079 

1091 

tOA9 

4403 

2041 

9940 

4944 

1194 

1009 

11924 

2142 

4404 

10491 

1440 

2009 

llIM 

2414 

7217 

11741 

1441 

2019 

14471 

2047 

7494 

12449 

2211 

2029 

19747 

2471 

9244 

12494 

2144 

N2  NlOOLfSSa 

MATICIMNTS 

1074 

42A9A0 

140294 

404149 

109042 

204970 

1009 

911440 

444919 

491444 

194441 

294170 

1049 

949441 

919  799 

991994 

410711 

109401 

2009 

494444 

904941 

401444 

444474 

149747 

2019 

712199 

429419 

444090 

47V4S4 

174174 

2029 

790419 

440194 

479447 

902442 

144014 

ACriVifV  OAVS 

1074 

19414 

1910 

4411 

U414 

2041 

1009 

14274 

4179 

11129 

14949 

2711 

1009 

23010 

4749 

12714 

22417 

1130 

2009 

29794 

9119 

11912 

24229 

1014 

2019 

27441 

9442 

14904 

29400 

4104 

2029 

24494 

9790 

19921 

24104 

4449 

Mi  NONNOUTN 

9A«riciOANrs 

1074 

114710 

114144 

124270 

2S0002 

1 49249 

1009 

4l9<ia7 

174992 

140494 

209101 

204944 

1009 

491714 

419140 

444792 

120749 

244440 

2009 

941909 

491192 

444177 

144794 

249141 

2019 

949921 

929911 

919499 

144414 

119722 

2029 

419012 

940140 

974942 

422444 

140141 

1074 

12049 

2770 

7422 

14772 

1421 

1009 

19447 

1190 

4194 

19974 

2144 

1009 

10499 

1019 

10119 

19111 

2441 

2009 

21114 

4140 

11417 

14414 

1104 

2019 

21144 

4914 

12177 

21241 

1490 

2029 

29220 

4019 

11110 

22217 

1701 

1U  MOOli 

9A«ltCI9ANT9 

1074 

202017 

299400 

249990 

144244 

141042 

1009 

140270 

109990 

114991 

211119 

179227 

1009 

414147 

172114 

102221 

299141 

214741 

2009 

409497 

429404 

440499 

127019 

297791 

2019 

911002 

444911 

491494 

197194 

204447 

2029 

944044 

449904 

909944 

174174 

102174 

ACfIVifV  OAVS 

1074 

10414 

2249 

4224 

12091 

1427 

1009 

11019 

2727 

7142 

12744 

1074 

1009 

14199 

1109 

9799 

19424 

2413 

2009 

14111 

1744 

10090 

17494 

2041 

2019 

21117 

4040 

11004 

11447 

1177 

2029 

21409 

4114 

11944 

14401 

1104 

Hi  OCOAN 

MATtCIMN7S 

1074 

171142 

147947 

170410 

117074 

01904 

1009 

244117 

291449 

290429 

174742 

114000 

1009 

119947 

107444 

111174 

220720 

171000 

2009 

199791 

144442 

191971 

244701 

204194 

2019 

422072 

1T9110 

192107 

270440 

224944 

2029 

441779 

104900 

144411 

201944 

214449 

AC7IVI7V  OAVS 

1074 

9072 

1412 

4014 

7129 

772 

1009 

4794 

2171 

4044 

4449 

1110 

1009 

12421 

1410 

7241 

11444 

1702 

2009 

14404 

2422 

0197 

12449 

2149 

2019 

14979 

1149 

•747 

11414 

2444 

2029 

17914 

1292 

4122 

llOlO 

2422 

Hi  MOSAIC 

MK7ICIMNrS 

1074 

121191 

904772 

111794 

222140 

194140 

lots 

194792 

112420 

142  747 

241170 

190000 

1009 

140702 

194974 

149292 

200440 

144017 

2009 

419994 

172114 

10}9)l 

274994 

219790 

2019 

419972 

194914 

400912 

297712 

210017 

2029 

440049 

404429 

4  1  7401 

100024 

244414 

ACTiVifV  OAVS 

1074 

11110 

2441 

riAf 

11024 

1911 

1009 

13229 

2994 

0049 

11042 

toil 

1049 

14  774 

1047 

•449 

11722 

2109 

2009 

14001 

1144 

9919 

14214 

2127 

2019 

17129 

1929 

4211 

14910 

2911 

1029 

I9I9I 

1499 

4941 

14429 

2711 

AISN 

-INA 
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lASlAl 

UOOAl 

USIAA 

lAAAAA 

ISSAAA 


tS4T 

IS4A 

t?A4 

lAAS 

2IAA 

22A9 


ITAllA 

2aAA2A 

24044S 

2A41S1 

2A44A1 

2AAAI? 
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SOAO 

>S2A 

SHfl 

4tAA 
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l44tSA 
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2SSA2t 
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2AA4 

S2I7 
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>?SO 


IIAI4A 
IJ4S04 
tfOSIO 
14 7402 
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224442 


1724 

2042 

2444 

2441 

St7S 

9S5A 


77399 

1172J4 

142400 

141729 

179177 

1A297A 


1194 

1710 

2041 

2170 

2970 

2470 


IIIAIA 

144102 

194197 

I4241A 

170407 

17A270 


1414 

2114 

2270 

2104 

2904 

2422 


MINT 

ICO 

•OlO* 

CANO 

NOOSI 

NCVCL 

SKOf 

NIN 

•INO 

MIKINO 

-INO 

•lOlNA 

9I0IIN 

•INO 

00L9 

TONNIS 

37144 

120010 

79091 

•1942 

14121 

00404 

111424 

101494 

42040 

117111 

•4414 

14149 

14140 

74470 

114121 

119947 

40401 

199147 

40440 

14794 

44402 

04027 

144400 

147499 

99047 

171240 

110144 

41490 

90244 

44444 

141147 

144149 

40077 

140447 

12I902 

47444 

99421 

107010 

217474 

227414 

41479 

147044 

U4092 

40990 

9T444 

110440 

224700 

242220 

941 

210T 

•14 

420 

•42 

190 

1410 

2220 

474 

2410 

419 

701 

444 

941 

1774 

1097 

774 

1790 

1049 

449 

1044 

447 

2111 

1070 

•71 

1109 

1147 

1140 

1144 

721 

2470 

4711 

444 

1494 

1121 

1102 

1122 

749 

2741 

9402 

1009 

'ISiO 

1170 

IMl 

1140 

017 

2444 

9074 

77449 

211241 

149440 

07121 

44042 

114947 

210211 

204210 

41191 

272774 

171422 

74441 

70110 

194124 

279940 

272400 

109270 

112194 

144247 

•3044 

40291 

170172 

110144 

110040 

119991 

llVIll 

217744 

•4071 

44047 

143401 

171144 

109191 

124447 

3414TT 

214129 

44404 

104441 

207040 

404249 

427200 

111044 

101104 

244199 

47412 

112140 

217111 

424049 

494020 

1214 

4141 

1404 

1242 

1777 

1110 

2074 

4491 

1492 

4999 

1074 

1414 

1472 

1214 

1494 

4247 

1471 

9944 

2140 

2010 

2204 

1191 

4141 

•000 

1017 

4141 

2144 

2122 

2412 

1474 

4412 

4402 

1474 

4411 

2940 

2171 

2401 

1901 

9141 

10400 

2004 

4449 

2402 

2711 

2724 

1449 

9404 

11244 

40912 

194007 

117094 

12447 

91214 

109 704 

170144 

194709 

72424 

220100 

140461 

94241 

4AO70 

121404 

221200 

217144 

41744 

291944 

14U07 

49940 

73401 

141404 

249490 

244090 

41402 

270290 

174474 

71944 

•2173 

194442 

109144 

119444 

101491 

102091 

149741 

74424 

■4444 

170711 

110410 

194944 

109944 

121244 

200740 

•0999 

49407 

101471 

144144 

M4172 

441 

1277 
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1191 

1091 

<0<9 

1011 

990 

1911 

1917 

•OAT 

-INO 

AISN 

-tNO 

it 

NMINO 

CANO 

-INO 

6911109 

1990999 

1996799 

1091I9< 

9A11979 

1997191 

1996920 

9690997 

1090199 

9177191 

1900911 

1761009 

9199129 

110)099 

999197A 

9099911 

1010690 

9997079 

lAi91T9 

9990701 

9290127 

1999710 

9990909 

1901000 

4299907 

9199972 

1092197 

9011100 

1M1119 

91901 

92999 

19290 

00191 

11911 

99991 

969  71 

29117 

OlOlI 

12999 

99291 

97429 

17919 

07199 

19119 

91990 

90079 

20009 

101700 

19090 

64199 

92709 

10099 

109979 

17919 

99997 

69700 

11009 

100070 

10900 

199911 

109010 

97710 

279711 

171101 

279197 

229211 

106607 

101100 

109196 

10999A 

2)9971 

110191 

107109 

101791 

111099 

2691 i| 

116011 

110919 

101299 

19991A 

291910 

121011 

119099 

111192 

179910 

1711 10 

117177 

197999 

111077 

1172 

1009 

1919 

9191 

1090 

1419 

1297 

1960 

9919 

1009 

1212 

1979 

1791 

9010 

1001 

1999 

1491 

1999 

9110 

1100 

1912 

1067 

1917 

9919 

2110 

9191 

9019 

1011 

9710 

1909 

•7109 

76911 

19409 

99911 

91291 

99999 

79219 

16709 

102972 

49197 

101779 

92)19 

14119 

109119 

97991 

110979 

99269 

19691 

109967 

40766 

119019 

07760 

60669 

III707 

71719 

110999 

99977 

61996 

119099 

71919 

917 

1112 

991 

1991 

999 

999 

1191 

996 

1010 

709 

1007 

1109 

907 

1001 

711 

1191 

1291 

919 

2099 

797 

1199 

1299 

997 

1119 

770 

lilt 

1121 

991 

1170 

709 

19190 

19970 

9190 

10001 

11070 

17907 

19791 

90  79 

10909 

12917 

109JO 

19012 

7191 

10910 

11701 

21979 

17T91 

7917 

21019 

19997 

21190 

10711 

0)74 

11999 

19190 

19909 

10990 

0901 

219)1 

19799 

110 

111 

toi 

111 

110 

190 

110 

100 

190 

190 

lot 

199 

117 

101 

190 

119 

191 

ill 

900 

190 

197 

179 

110 

919 

190 

199 

209 

119 

991 

171 

17767 

19910 

7900 

20797 

11910 

21201 

19219 

9219 

22991 

19709 

16109 

)0979 

9099 

29T7I 

19090 

16000 

11229 

0979 

29291 

17110 

1069} 

12909 

10101 

27911 

19117 

11999 

llOlO 

10709 

10299 

10210 

191 

191 

no 

101 

199 

207 

299 

111 

919 

191 

290 

202 

191 

979 

179 

299 

111 

191 

109 

197 

lit 

IM 

191 

919 

100 

197 

191 

171 

970 

no 

19999 

11700 

9101 

17191 

11297 

1919  7 

19990 

9909 

19)19 

11090 

10911 

19901 

7992 

20917 

11900 

21099 

10901 

toil 

29119 

19001 

10191 

191)9 

11199 

10090 

10919 

19900 

10097 

11919 

M099 

<9179 

111 

101 

100 

110 

IK 

199 

119 

101 

190 

no 

101 

191 

111 

109 

199 

191 

100 

191 

970 

171 

no 

190 

177 

991 

<19 

910 

991 

110 

7<1 

<99 

ICC 

OOtA* 

NOMC 

NCTCi 

SNAff 

NIN 

tieiNG 

INONN 

-INC 

OflCA 

TCNNlt 

11I199< 

1109909 

<000000 

9979999 

9<909M 

1199099 

I19901< 

<999010 

9K9090 

9097790 

11701J< 

1910700 

<091990 

9999020 

9999009 

1107609 

199 7010 

9009979 

9100699 

9219112 

1914091 

1999iM 

1229799 

0900079 

97<099< 

1990090 

1009991 

9909199 

0701999 

T109909 

19971 

19990 

M99< 

90120 

01000 

20191 

19099 

2I09< 

99710 

111911 

12911 

39917 

1K9< 

f<900 

K0700 

19711 

17077 

11000 

79079 

1992 12 

19999 

10711 

11097 

91990 

190200 

90917 

IttM 

19990 

07990 

170770 

7T091 

77000 

197971 

<91990 

lllMl 

79190 

•  1191 

199600 

109771 

<02099 

70906 

97719 

171079 

117171 

129709 

11999 

01191 

190710 

197210 

999170 

•9991 

07010 

100979 

101717 

109701 

•9921 

101179 

100990 

909719 

927917 

1929 

1099 

1909 

1191 

9019 

1910 

<071 

1109 

1010 

9297 

1997 

1110 

.1119 

9191 

7199 

1099 

1119 

1971 

9799 

9910 

1171 

IIM 

1992 

9109 

0921 

1919 

29<1 

1979 

9900 

toiio 

19190 

19900 

99990 

09970 

00991 

17909 

10S99 

97107 

100991 

09190 

17790 

10909 

90990 

110291 

100110 

19091 

11707 

91119 

119909 

110991 

19907 

11717 

91102 

119909 

KOOK 

19719 

11991 

99909  ‘ 

110999 

119001 

911 

749 

971 

1170 

1000 

999 

710 

990 

1199 

<111 

919 

717 

999 

1970 

1901 

909 

791 

990 

1997 

1011 

791 

799 

900 

1997 

1077 

709 

•01 

907 

1799 

1279 

9019 

9910 

0000 

19009 

11109 

9099 

9990 

10990 

17079 

19999 

9199 

9191 

U«9 

10919 

10702 

9999 

9791 

11097 

21911 

<1009 

9912 

7079 

1<90< 

16910 

<9092 

9799 

7190 

1201$ 

1909t 

<9000 

90 

110 

•9 

100 

<71 

100 

110 

•9 

210 

190 

119 

199 

09 

179 

914 

111 

199 

02 

m 

9tl 

191 

190 

09 

920 

109 

199 

100 

M 

190 

090 

9919 

9119 

IIK7 

17991 

19900 

9911 

9910 

11299 

<1019 

<0109 

9199 

7911 

19907 

<1999 

<9027 

9910 

7010 

19191 

<0700 

20001 

9790 

0910 

19117 

11919 

M107 

7011 

•020 

14197 

19091 

19909 

1G< 

191 

09 

<11 

IM 

119 

190 

09 

<M 

919 

no 

190 

lot 

110 

999 

190 

170 

IM 

Ml 

991 

100 

10< 

119 

910 

790 

107 

<0< 

KO 

901 

092 

9010 

9119 

09M 

19111 

12109 

9799 

9999 

0929 

19970 

19191 

9190 

9199 

11107 

<0000 

10019 

9100 

7117 

I99M 

<9M1 

H971 

7917 

0090 

19979 

11199 

M090 

0001 

IM9I 

<M<9 

91010 

91997 

09 

110 

02 

too 

<99 

0< 

KO 

TO 

Kt 

110 

110 

191 

0? 

HO 

9M 

no 

170 

109 

119 

910 

170 

<11 

KO 

910 

TtO 

IM 

<01 

190 

990 

009 

IM  AMKIAICS.  INC. 
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TAM  ION  W  ID*  *CTI«ITI(S.  DfNOOMOHIC  MOJfCTIONS  TO  <.Hf>  TOMS  IStMO  UM 

OfUISTim  SfNTIU  MS*.  0*  COUNTY  MOU»— NCOIUN  ONONIH  StOlU 
ISCTIVITT  0*«S  I*  THOUSSNOil 


Mf* 

'  $II|N 

OKNie 

•icvc 

tOAf 

OISN 

NUMT 

CANO 

NOOSC 

MCTCL 

siSf 

•v,i 

VtM 

-NINO 

-KIMO 

OAtVf 

-I.IMM 

-IMO 

-IMO 

-IM6 

HIAINO 

-IMO 

OIDIMC 

SNOHH 

-INO 

ML* 

tMMIt 

MV  MfCMSS 

4*«riCI9*N79 

im 

194)91 

191911 

1949)9 

112114 

7709* 

49011 

24*14 

•00*7 

94270 

2*710 

29492 

*0*79 

70990 

fiaoa 

iM9 

199999 

1794*9 

191149 

1)04)9 

4*70* 

79949 

1*209 

101744 

4*499 

27110 

20924 

9**90 

04109 

0*791 

114140 

109910 

209994 

192244 

11*144 

91*41 

1444* 

117304 

791** 

10172 

34290 

*9404 

122000 

121070 

tM§ 

144004 

19)711 

2*0129 

17*49* 

114010 

109704 

*9127 

11*201 

•4*91 

14I44 

14990 

7*497 

1*94*0 

1*0*07 

941414 

909*10 

91914* 

22442* 

174*29 

114919 

91749 

17*101 

112901 

40944 

91140 

100220 

1429*0 

tMl** 

JMf 

144194 

109791 

911991 

227024 

19127J 

ilOloa 

90172 

171409 

112170 

41001 

91*01 

071*4 

14*404 

aotooo 

AC7IVIfV  04Vt 

t«r4 

9994 

1992 

9474 

4791 

710 

♦47 

*41 

1911 

400 

4*0 

492 

*0? 

1022 

1*00 

Itts 

4494 

199* 

*279 

7040 

492 

1197 

9*3 

1617 

701 

999 

720 

*10 

1102 

2009 

IffS 

9491 

1744 

4994 

92il 

1209 

|1*2 

430 

2110 

914 

71* 

Oil 

*01 

1907 

270* 

tOM 

10044 

1090 

5S*1 

4299 

1*4* 

1990 

720 

2*41 

014 

099 

Oil 

901 

1410 

1*02 

49902 

1449 

799) 

11909 

1471 

2004 

091 

1090 

1219 

1109 

1270 

7*9 

2*0* 

MTS 

ao2s 

19944 

241* 

7199 

11994 

2029 

2029 

491 

>219 

1229 

1201 

1200 

721 

2940 

9010 

MV  MlfMS 

OMTtC 

fVANTS 

14944 

1*109 

2*7*9 

14900 

1179* 

11014 

*442 

I1T42 

9479 

14*4 

4124 

719* 

11990 

10170 

19749 

27999 

29110 

14229 

1*199 

129)1 

9*70 

19941 

lOlM 

1040 

4401 

0210 

1*407 

11*04 

91941 

901*9 

907*9 

21*79 

14*40 

il9l7 

4291 

170*4 

111*0 

*141 

9141 

9000 

17*19 

1*701 

aeof 

94194 

91440 

9i*0* 

21977 

19*72 

19122 

40*1 

11924 

12199 

***4 

9490 

000* 

20074 

20011 

aots 

94979 

99797 

94*0* 

297*9 

21142 

14**7 

7**0 

20091 

11209 

47*7 

4149 

10007 

22*00 

210*0 

aoas 

49444 

94109 

947*7 

2920* 

219*1 

too  10 

0190 

21174 

t***T 

9141 

4792 

11012 

299*0 

2*290 

ACTIVIVV  OAVS 

1«T4 

949 

209 

990 

1021 

lot 

142 

74 

2*3 

47 

44 

100 

*1 

191 

20? 

IfSS 

101) 

119 

499 

1019 

114 

to* 

40 

244 

110 

79 

107 

** 

149 

20* 

t«f4 

1109 

19* 

712 

11*1 

U9 

201 

44 

)24 

121 

41 

119 

*0 

212 

909 

aM« 

1)91 

277 

77* 

1224 

tVi 

222 

104 

140 

111 

104 

12* 

79 

207 

*99 

aois 

1990 

144 

497 

ill* 

227 

2*1 

lit 

142 

14* 

124 

117 

•  1 

Ml 

99* 

aoi* 

47)1 

129 

41* 

1*11 

297 

24* 

•  130 

*24 

190 

1*1 

190 

•0 

110 

*10 

MV  NASSAM  t  SUVVOLR 

PAMTICIPANTl 

l«V4 

1979441 

1722*97 

17*)))7 

1)21440 

4)6222 

79*401 

334239 

lOOldO* 

4912*4 

294720 

24**24 

9040** 

401*70 

4**4*l 

a«AA 

1017179 

U2A6** 

1974719 

1)4117* 

10*1097 

9)1769 

1*0900 

10**)1* 

♦4749) 

29*2*4 

111*11 

*0931* 

110**17 

111**10 

1««9 

1104449 

14*9*0* 

1014499 

19062)1 

119)9*9 

94*616 

164090 

11*4*01 

7*126* 

24*917 

319212 

4**99* 

1233201 

1279924 

aoof 

1)44911 

204i077 

21*702* 

194*94* 

12909*9 

4*11*4 

*15946 

1211*99 

749002 

>11)14 

3412*9 

*94)71 

1)40*1* 

1*0*947 

aois 

191*440 

221*4*4 

2271*10 

1*94*81 

1)19271 

1020327 

**119* 

1261127 

4)7012 

>24109 

393930 

7)0470 

1*19123 

1917212 

■aais 

19*1714 

21)992* 

2)49*20 

1777079 

1*222«9 

1076419 

*46194 

1191027 

iO)*14 

3*1940 

*09**0 

147220 

1924003 

1*21394 

ACTIVITY  OATS 

4«T« 

44194 

19044 

*0499 

92011 

4*40 

11*04 

9143 

16017 

7044 

9490 

74*9 

*700 

12470 

20499 

1449 

771)4 

1*1** 

4)979 

77**1 

110)4 

12210 

5731 

141*6 

7*44 

4414 

7429 

**9* 

1*47* 

29414 

1949 

99744 

171*2 

**114 

9*119 

12942 

11177 

411* 

20464 

9090 

7713 

9097 

*002 

14170 

90347 

a049 

41994 

19210 

*9911 

991*9 

1)902 

1*079 

*404 

22044 

9949 

4*23 

9947 

922* 

17704 

9*0*9 

4419 

44149 

14149 

91**0 

424)4 

1*940 

1*4*1 

7013 

23*97 

4124 

4097 

9172 

99** 

14027 

370*2 

4449 

1094*9 

20199 

9*)9t 

4914* 

19940 

19749 

7411 

2*747 

4414 

44*9 

4439 

970? 

20240 

947*0 

VQ9K  ClfV 

9AATtei9ANTS 

t4f4 

9107)49 

*4 76637 

91949)0 

)916*2* 

2*03*71 

1091710 

4*4471 

270*424 

19*909) 

749144 

494907 

19*22)* 

2*09294 

ttriNTS 

4449 

9194940 

*4*04*1 

9194/10 

99*4071 

254149* 

16*4) *9 

1*4*22 

244299* 

191)21* 

727UI 

49710* 

1922*40 

2709*21 

297194* 

4449 

9*90104 

901*29* 

920**16 

)* 14**2 

2*46*99 

167*472 

69 7*07 

271192* 

1990621 

70**92 

4*7)4* 

191447* 

2411220 

2092012 

4049 

99*7199 

9014*19 

92091*) 

J*))*09 

2744**4 

16694)1 

142421 

2700276 

199240) 

442 144 

4712*4 

19149*9 

109019* 

90*1*91 

1049 

994*9*4 

9000*02 

91747*9 

1* )*0*« 

21*2999 

199*140 

041419 

2*9260* 

19*6*79 

4784)0 

470714 

1919*27 

>130402 

9207*2* 

1419 

9900199 

*4*1*99 

9119**0 

1*119*0 

294*721 

197*210 

097294 

2499*** 

19)707* 

44)402 

447043 

1924070 

1194974 

9247*20 

ACIIVI1T  OAVS 

44fA 

479790 

*100* 

122*00 

14442* 

21970 

27997 

11379 

*4902 

1*292 

l**)l 

14100 

12930 

10791 

*•797 

4409 

199**1 

*il91 

1229*0 

180)7) 

2*04* 

131)9 

*9)91 

1*19* 

19190 

14172 

11710 

13*4* 

9*992 

4449 

201917 

*1)7* 

12109* 

191471 

299*0 

27401 

139*3 

9012* 

1*190 

1424) 

177*2 

11349 

3**12 

0*111 

1409 

1C0177 

*1419 

1107*2 

1741)7 

10)*9 

29044 

13422 

96*17 

14*17 

17117 

177*4 

113*2 

302*0 

70912 

1019 

119499 

*2919 

119809 

17992* 

Jl4)t 

290*1 

11411 

90174 

1*410 

17910 

17440 

11210 

14*4* 

791*2 

1019 

2191*9 

*2024 

1196)9 

170791 

12147 

27942 

139)7 

9010* 

14)01 

1029* 

17*43 

11029 

*0119 

70299 

MV  MANOI 

VAftriCIfANTS 

44T4 

194499 

199  74* 

197*40 

11)0)0 

7707) 

♦77*4 

30041 

99*11 

94071 

29172 

292*0 

90190 

792*0 

70002 

4409 

14*411 

191)11 

19*110 

111*99 

4709) 

74470 

39*67 

103981 

49910 

27410 

2474* 

991*7 

101 714 

47100 

1449 

1*0649 

2194)2 

22*9*0 

t*)llO 

122717 

44402 

*3000 

129111 

74911 

3244* 

34102 

70140 

110*40 

124120 

1049 

179*40 

2*4**9 

19979* 

199804 

1*9099 

110449 

*429* 

1*1991 

40710 

3**74 

*1392 

74930 

199)41 

199910 

1449 

91999* 

179999 

299101 

20740* 

199904 

12*222 

9917* 

1974*1 

101192 

*0147 

4*200 

04113 

ITT49I 

10*791 

1019 

994494 

14701* 

10*0*7 

2217)* 

174219 

132010 

90430 

199179 

109210 

*2277 

*4*02 

49194 

143290 

202770 

ACTIVITY  OAVS 

4474 

9994 

19*0 

1721 

*448 

710 

449 

*76 

1412 

409 

*99 

441 

*17 

1020 

1*49 

4499 

7110 

1994 

**0t 

7)40 

479 

117* 

94* 

1401 

Til 

97* 

710 

*99 

1130 

21*2 

4449 

4071 

1410 

910) 

949  7 

1294 

1*21 

463 

2109 

•40 

799 

000 

919 

1214 

2490 

1009 

10741 

11*4 

9404 

10022 

194* 

1410 

743 

24*1 

491 

414 

440 

ooo 

20*0 

0710 

4049 

11170 

2J99 

4971 

11029 

191* 

102* 

074 

2499 

1100 

1070 

1100 

97* 

23** 

**ll 

1019 

19149 

29)9 

700) 

11*44 

1494 

1490 

414 

1140 

1179 

1170 

1100 

710 

29*0 

*000 

MV  orifoo 

VAHTICINANrS 

4494 

90**9 

99194 

1917* 

271*1 

19110 

ITMO 

7070 

2140* 

1*047 

4939 

4101 

12120 

10072 

19010 

4499 

*9110 

*1199 

*2049 

24*94 

21)09 

16*71 

0912 

2)909 

19110 

4344 

4401 

11099 

21000 

20290 

4449 

*0197 

**914 

*9)72 

129*0 

2**09 

20064 

4294 

29)29 

19142 

449* 

7907 

1*1*0 

2994* 

2***l 

1449 

91919 

47)70 

*9292 

1*9*) 

27100 

21*91 

404* 

29990 

17*99 

4407 

0017 

19199 

2077* 

20009 

1449 

99*47 

*494* 

90*9) 

19**  9 

2420* 

22912 

10373 

29024 

10241 

7222 

0*11 

19091 

111** 

91007 

1019 

90990 

91*9* 

92990 

19299 

11090 

21911 

10031 

24199 

14071 

7*24 

0704 

1*02* 

UM* 

9*900 

Acrivirr  oavs 
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9707  0000 

1014 

1410 

TOO 

7197 

•44 

4M 

494 

402 

|4S| 

2047 

toss 

SS4I 

TOIS 

9940 

0174 

1104 

1401 

744 

7491 

404 

440 

400 

149 

toos 

10077 

7144 

9S01 

10147 

1409 

lAlT 

•07 

74S0 

474 

•04 

440 

410 

1411 

nil 

7.00S 

lOSSO 

7719 

4117 

10494 

1999 

lAOl 

•4S 

7749 

1074 

441 

1010 

494 

2104 

1970 

MIS 

11447 

7904 

4920 

10474 

1407 

1744 

•01 

7404 

1044 

470 

1001 

494 

22SS 

t07S 

ITT4S 

1911 

4979 

lOSOf 

1400 

UTS 

on 

9001 

1107 

loss 

nil 

479 

TITS 

4144 

SA  itOANON 

1074  70977 

4497  7 

SAAflCISAHrs 
4040A  4090A 

99799 

909 SA 

14090 

90919 

2S707 

10494 

II07T 

21002 

11704 

24741 

toss 

TTSTS 

4S74  7 

40094 

40797 

99094 

90944 

14049 

94191 

7S07I 

10274 

11092 

7IS99 

IT14S 

1444S 

lOOS 

7414  7 

40010 

71901 

91471 

949A4 

91494 

14479 

94491 

29711 

lOUS 

11740 

77042 

40447 

14941 

TOOS 

7S719 

70090 

77994 

97974 

40449 

97097 

14790 

40970 

74117 

10147 

11444 

7744  9 

MIS 

•OSTS 

71049 

79444 

91707 

47904 

92909 

14007 

40497 

24920 

10140 

17140 

774 10 

49417 

44721 

M7S 

ST47S 

77497 

74947 

9100S 

49019 

91104 

19791 

41749 

74479 

10107 

12140 

79041 

47749 

44717 

1074 

7100 

909 

ACriVlTY  0AV9 
1441  9079 

900 

440 

774 

Til 

779 

141 

242 

101 

44S 

407 

toss 

7414 

907 

1444 

7794 

991 

440 

774 

799 

777 

144 

774 

140 

440 

714 

lOOS 

TSIS 

404 

1491 

7  7S4 

909 

441 

790 

794 

774 

214 

771 

147 

S4f 

•94 

7Q0S 

toot 

410 

1440 

7774 

42  7 

470 

799 

744 

244 

797 

240 

170 

SOI 

477 

MIS 

SI40 

419 

14S7 

777S 

490 

47A 

790 

741 

744 

249 

74S 

172 

411 

1044 

M7S 

9749 

470 

1709 

2749 

447 

404 

747 

749 

249 

277 

747 

172 

411 

1174 

OA  LINICM  C  •lOAfNAnSfON 
1014  t70IA4  117909 

#4«riCISANfS 
174704  77417  7 

197490 

141779 

ASUS 

141447 

114110 

44972 

S7704 

404  79 

IS047S 

I170S1 

loss 

949179 

99JI10 

990404 

7  lOOO  1 

140414 

14?>A4 

A709A 

144414 

I20«4« 

44941 

99009 

101904 

I7I7IO 

194211 

toos 

17777A 

947)1« 

99>97t 

74047 1 

147117 

199499 

71470 

14T119 

120A«4 

44140 

94010 

104449 

141* •• 

109470 

MAS 

I0A9S0 

944SU1 

l7i4U 

741497 

709077 

149414 

79999 

704149 

199119 

90401 

41199 

117*99 

71942* 

MIS 

474149 

9S9aiO 

901491 

774  710 

770479 

177414 

70900 

714747 

194440 

92494 

40900 

114109 

7  992*1 

714117 

M7S 

44 1940 

900440 

40A449 

701477 

799749 

1404 74 

•9114 

779241 

140219 

94249 

47991 

17497S 

792700 

7S0794 

1074 

10770 

7749 

AC71VI1 

7414 

rv  0409 
11917 

tlAO 

7079 

1094 

9404 

1294 

•  71 

1990 

070 

1440 

7444 

loss 

ITI9I 

74  74 

7097 

17407 

1470 

7149 

1041 

9994 

1904 

494 

1917 

740 

2110 

lISS 

loos 

19401 

9000 

•  107 

19797 

1471 

7741 

1141 

9744 

1919 

1047 

1909 

on 

2404 

4017 

TOOS 

14070 

9171 

49  79 

11747 

7101 

7404 

1707 

9490 

1404 

1194 

1019 

•99 

2401 

4700 

MIS 

14707 

9741 

•074 

14741 

7994 

2990 

1749 

4194 

1924 

1901 

1449 

44? 

91*2 

941? 

MTS 

17999 

9900 

0140 

14907 

2940 

2440 

1974 

4197 

1949 

1420 

1990 

•«f 

1177 

4014 

SA  iUltSNC 

1074  779174 

774774 

SAMlICISAMtS 
7109S7  194471 

lOAOtf 

07942 

47100 

174794 

74447 

99194 

90040 

47079 

109949 

41177 

loss 

T91999 

777079 

777740 

199441 

119474 

0909  r 

44497 

179471 

77471 

2094  7 

99070 

49404 

iiri*s 

107044 

lOOS 

T9009S 

771117 

774007 

19447S 

170790 

04440 

444 y9 

I791I9 

7A040 

2441  1 

99079 

49414 

1779*7 

121449 

700S 

T4I7U 

771447 

774140 

1  17477 

179444 

04140 

44490 

177  947 

7TT44 

24194 

99074 

44944 

19*707 

192474 

MIS 

744 144 

771744 

775449 

114770 

170701 

04904 

44444 

171444 

77419 

2S774 

9907? 

44714 

194141 

141079 

MTS 

T477I9 

770909 

774407 

194174 

191904 

04994 

44414 

171971 

779  70 

70190 

9H10 

44979 

142144 

144440 

1074 

7449 

1079 

4CflVIT0  OATS 

9970  OOSS 

047 

1490 

791 

7440 

•41 

949 

444 

940 

1940 

1091 

toss 

SI90 

ISOO 

9101 

7040 

1004 

1412 

710 

7470 

447 

401 

491 

907 

1949 

2220 

loos 

•  70S 

isss 

>219 

4007 

1717 

1440 

749 

7414 

•  49 

499 

•  19 

449 

1707 

2404 

700S 

0771 

1444 

9174 

7S00 

1917 

1410 

747 

7410 

•44 

111 

•  19 

449 

1744 

7474 

MIS 

0970 

1499 

9194 

rrsi 

1140 

1420 

749 

7494 

•  49 

794 

•  19 

447 

1444 

I74S 

TOTS 

0717 

1S47 

9174 

7497 

1494 

1410 

747 

7490 

•07 

744 

•  10 

444 

140S 

1474 

OA  iSCOOiNO 

1074  74419 

79477 

SARriCISANTS 

74041  9401S 

14749 

99991 

19449 

41710 

77490 

17104 

17910 

29471 

1949 1 

11747 

toss 

77097 

71710 

794  IS 

9*100 

94970 

92490 

19149 

47U14 

74Y0O 

11044 

12294 

71194 

94rio 

14717 

lOOS 

70044 

11470 

79077 

9IO00 

40449 

974  70 

19140 

41749 

74447 

10799 

12247 

79147 

42747 

41917 

MOS 

SI70S 

71710 

74  7  40 

99009 

47797 

97409 

19171 

41447 

74749 

10974 

122TT 

79147 

49101 

4S941 

70IS 

•7014 

77049 

74441 

14014 

49707 

97470 

19144 

41791 

74777 

10917 

12271 

79140 

44444 

47444 

MTS 

•7010 

774  91 

71447 

91441 

49749 

97771 

190S1 

40449 

74999 

10114 

12217 

77447 

47170 

44747 

1074 

299S 

491 

ACTIVITY  DAYS 
ISOO  114A 

170 

407 

744 

404 

144 

117 

171 

701 

471 

4M 

lOiS 

7770 

441 

17  74 

7090 

919 

447 

741 

747 

741 

714 

744 

141 

974 

774 

lOOS 

7071 

419 

1799 

7044 

419 

447 

741 

749 

241 

791 

740 

ITT 

S77 

404 

TOOS 

Ills 

474 

1771 

7017 

444 

449 

741 

749 

741 

714 

740 

ITT 

401 

1049 

MIS 

9700 

471 

1711 

7SS9 

470 

449 

741 

749 

741 

771 

744 

ITS 

477 

1110 

TOTS 

9710 

414 

lAOA 

7777 

447 

440 

740 

744 

744 

274 

747 

171 

411 

1141 

SA  NQMOt 

1014  JUS4 

97  OSS 

SASTICISANTS 
11479  77109 

14400 

14004 

4770 

14494 

17247 

9179 

94IS 

4414 

11444 

11117 

toss 

14977 

14490 

994V7 

79449 

14404 

19447 

7140 

14494 

12441 

9140 

9404 

10974 

19007 

11414 

loss 

9S971 

97414 

1S770 

74074 

14474 

17100 

7790 

71944 

19404 

9194 

4411 

11144 

10440 

14474 

TOOS 

47101 

40707 

41047 

71140 

71090 

10490 

•994 

77441 

14494 

9440 

4411 

17171 

71400 

14471 

TOtS 

44I1S 

47001 

414  70 

90414 

79950 

lOfOO 

•097 

74J47 

14012 

9494 

7417 

IJISI 

74144 

710  74 

MTS 

901SA 

4S209 

41107 

91101 

79091 

71979 

0499 

74144 

1T224 

4909 

7441 

I4M1 

77171 

MMO 

1074 

074 

7S4 

ACrtViTT  OATS 
701  1410 

179 

770 

too 

ISO 

114 

•  7 

141 

•T 

174 

771 

loss 

1170 

107 

•41 

1947 

14S 

799 

no 

97S 

141 

41 

141 

•S 

710 

777 

toos 

1917 

977 

its 

1440 

177 

791 

ITS 

40S 

ISI 

107 

140 

•4 

747 

lit 

TOOS 

1904 

941 

047 

1990 

209 

770 

ITS 

494 

141 

III 

114 

4S 

TOO 

419 

TOIS 

14S7 

144 

1010 

1414 

212 

TOO 

107 

440 

171 

170 

170 

101 

MS 

449 

TOTS 

1SS4 

100 

10S7 

1707 

744 

9IT 

199 

SCO 

too 

141 

107 

too 

MS 

SOS 
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AtCAiAflOH  tCAVUC  MfAt  OV  COUMfV  CAOUA— LO«f  CAOttlM  SCAIffS 
CACttVIfV  OAfS  IN  tHOUAANOSI 


TOMS  lUANO  iAftI 


ANIA 

SttIM 

OKNrc 

IS. 

ALIAS 

Sieve 

0047  * 

aisn 

HUNT 

CANA 

NOSSt 

Ncrct 

ICI 

SCAT 

SOLO* 

NIN 

ftAA 

•MIMS 

*A|NS 

OAlOt 

-LINS 

-INS 

-INS 

-INS 

NtSINS 

-INS 

•leiNS 

SNQNN 

-INS 

SOLA 

TfNNIt 

OA  NONTWNf  AT 

AAATICIAANrS 

IOTA 

ASOJAO 

AtSSTT 

424074 

112110 

225042 

140114 

SS150 

200712 

155400 

444S4 

T09S5 

I1S0T9 

21504A 

221915 

lots 

AltSTA 

S04SSS 

404 OSS 

2941  Si 

225444 

149714 

7A45S 

221447 

|4f04S 

sons 

47021 

120022 

259490 

219122 

lOOS 

SOOTIO 

44440 T 

4S74H 

S14A0S 

242540 

204141 

00442 

257044 

144041 

40041 

7470? 

10)2  T9 

241209 

200450 

ms 

SMIIA 

441 14S 

474IS0 

146040 

2TSO40 

211007 

01401 

245701 

171404 

44210 

7997  7 

lATSll 

291AAA 

101450 

MIS 

SASISI 

4SI4UT 

402002 

1S0104 

200450 

222001 

07404 

271444 

1S0574 

4S202 

S1SI9 

I5A0S9 

111945 

S24100 

ms 

SAISSI 

S4SOSO 

SI4S24 

4100S0 

S44411 

2405  72 

114547 

122125 

211502 

7STI0 

97795 

IT99il 

170140 

190990 

ACTIVITY  OATS 

IOTA 

IA4SI 

140T 

0020 

ISSOO 

2244 

2771 

1122 

4195 

1401 

111? 

1794 

laiA 

1105 

4910 

loss 

IAA4A 

144S 

04  OS 

1ST91 

2J7I 

2444 

1241 

4201 

uoo 

I14S 

1411 

97S 

1107 

5409 

lOOS 

10A4I 

SAAO 

lOSOl 

17406 

2440 

2004 

1420 

4754 

IS17 

144S 

1774 

10A9 

1742 

4704 

ms 

MAAI 

SOSl 

10464 

I02S1 

2041 

1122 

1400 

4054 

1402 

1701 

1049 

IIU 

1905 

TOOT 

ISIS 

21ATS 

4US 

112S0 

ISTTO 

1105 

1252 

1552 

5144 

1071 

IS41 

1911 

1155 

4151 

7024 

ms 

MASS 

4A0J 

tS142 

21545 

1422 

I41S 

1022 

4041 

2111 

2241 

2255 

IIAI 

4920 

9409 

AA  NONTOUA 

AAATICIAANrS 

ton 

liSA2 

U4S3 

11061 

7070 

5520 

5101 

2440 

4547 

4220 

1720 

1911 

lATI 

5400 

440T 

loss 

11402 

10004 

11221 

T414 

5420 

4011 

2107 

4171 

1074 

1520 

IS2S 

12A5 

5744 

5217 

loss 

tiS2T 

UOSO 

1 1^46 

7790 

5044 

4AS1 

2127 

4145 

1004 

140  3 

1444 

1202 

4259 

5919 

ms 

11420 

1044  S 

106  > 

7607 

5015 

4697 

2204 

5425 

1779 

1172 

1749 

HIT 

4247 

4144 

JOIS 

11444 

I040S 

t0«02 

7501 

4127 

4724 

2220 

5445 

liOl 

1144 

1740 

1150 

4549 

440? 

ms 

IlfSS 

lOSIS 

10400 

7521 

424S 

4751 

2212 

5417 

1411 

1114 

1749 

1155 

4750 

4910 

ACTIVirV  OATS 

IOTA 

SSS 

00 

277 

640 

SO 

74 

10 

127 

44 

It 

4T 

29 

72 

94 

lOAS 

400 

04 

242 

605 

54 

72 

17 

120 

41 

10 

42 

25 

77 

too 

toss 

4S1 

04 

2S0 

600 

40 

71 

17 

121 

41 

12 

41 

25 

04 

124 

ms 

411 

AS 

242 

101 

41 

40 

15 

115 

41 

11 

19 

21 

44 

117 

tots 

440 

SO 

241 

170 

45 

40 

15 

114 

41 

IS 

19 

21 

OS 

151 

MIS 

441 

ST 

242 

J71 

40 

70 

14 

114 

42 

IT 

19 

21 

91 

Ul 

M  NOATNUNAMiANO 

A4Af ICIAANfS 

ton 

4i(n 

4S21) 

44S12 

6)046 

2  0  764 

20204 

11454 

14011 

2)t40 

042S 

10410 

I90A2 

244)1 

21970 

lOAS 

44001 

44400 

4S017 

4626) 

SHOT 

20321 

1)5)0 

14)40 

2i404 

4040 

10429 

10022 

17412 

20902 

toss 

4001T 

44A4S 

4414S 

69600 

96464 

20274 

1)447 

)4640 

7)445 

0757 

10921 

19214 

15947 

1)477 

ms 

tIOAS 

ASlAl 

446  42 

64240 

S4440 

20924 

1)744 

14972 

7)774 

0452 

11014 

19495 

14441 

17731 

MIS 

TI4TT 

4S40i 

44  710 

64024 

14125 

20761 

11444 

14444 

7)010 

S40S 

11094 

I900A 

40710 

40791 

tots 

TS4I4 

4S4IS 

44002 

47102 

1014) 

20464 

11024 

14414 

7)001 

0512 

11145 

19001 

42011 

42954 

ACfiVifV  OATS 

ion 

2OS0 

SSS 

1S40 

2474 

240 

6)0 

217 

710 

250 

140 

241 

142 

140 

471 

lOlS 

224f 

SSI 

ISiS 

2170 

iOO 

424 

215 

704 

295 

171 

247 

144 

412 

504 

toss 

2404 

SSS 

iSli 

2)90 

)60 

4)0 

217 

710 

29? 

IS? 

241 

145 

440 

709 

200S 

2444 

ssd 

1120 

2174 

175 

411 

210 

7U 

290 

201 

244 

I4A 

517 

on 

MIS 

2T0I 

sso 

IS24 

2157 

402 

417 

221 

721 

241 

217 

247 

147 

544 

920 

M2S 

2sn 

S40 

ISiS 

2110 

421 

410 

222 

724 

242 

220 

247 

I4A 

544 

990 

»A  ANfLAOCLAMlA  t 

,  0tl«)^4Af 

AAATIC1A4N7S 

227714 

74)412 

70924S 

IOTA 

IAIOMA 

ISSU4S 

1406404 

1129276 

744607 

424)51 

751440 

440449 

970441 

24  7440 

494444 

tots 

II002I2 

ISOOMO 

1441114 

1142)90 

014)67 

444942 

7600  1  5 

407777 

S)62S5 

741044 

215094 

501074 

4  79021 

024947 

toss 

llAOfAO 

I4I242S 

1671067 

1161941 

076620 

454724 

74)7V4 

494401 

5)99)2 

254700 

714055 

505S45 

9)4944 

914214 

ms 

IS0S42T 

lAltOI f 

1400607 

1149729 

91  7700 

44)744 

744010 

00140) 

966667 

7174)7 

74U)5 

511541 

440)55 

944264 

MIS 

ISSAOOT 

lASlOAS 

1711469 

1220029 

09 7226 

479942 

771461 

01)621 

95)670 

71)4)0 

745424 

521427 

10)4244 

1054474 

M2S 

ISSS2SA 

1440 til 

1400664 

1211041 

040612 

472174 

270)04 

004700 

540751 

224415 

244400 

517441 

1054141 

1091117 

ACMTIIT  OATS 

14911 

IOTA 

SSS12 

ISSAO 

17964 

47667 

7)20 

0764 

1060 

19144 

5557 

4445 

0141 

4077 

9441 

toss 

4I4SS 

tSArr 

19299 

42960 

•604 

0561 

4997 

19419 

5604 

4445 

419} 

1095 

10772 

10040 

loss 

4S1IS 

11002 

10409 

490)6 

014) 

0644 

4160 

194)2 

5750 

5721 

494) 

17A1 

11544 

torn 

ms 

4S4SS 

ijiri 

JOOOl 

4200A 

Otfll 

0417 

4204 

14090 

54)7 

5525 

4127 

10)0 

12241 

22S97 

MIS 

TIS40 

14024 

106  79 

4296  7 

1069) 

0902 

4741 

141)9 

50  )6 

5015 

4261 

1400 

12440 

24011 

ms 

T244S 

1144? 

10090 

41690 

10721 

0062 

4250 

14794 

5404 

4144 

4179 

1020 

llOAO 

25924 

AA  AIAI 

AAATICIAANIS 

1224 

4052 

1551 

IOTA 

SSSI 

iSS4 

0721 

5001 

4190 

1001 

tilt 

4444 

1214 

1497 

2A05 

lots 

0S4T 

02  ir 

9102 

4279 

4  790 

4102 

1052 

5104 

1465 

1222 

1414 

2440 

4444 

4440 

ISOS 

I04S4 

1000  r 

10194 

0001 

551) 

4701 

21  >1 

5411 

1764 

U57 

1741 

2050 

5714 

4444 

ms 

IIS40 

1044  7 

11020 

7912 

4210 

5111 

2124 

4044 

4071 

1110 

1925 

1100 

4550 

4415 

MIS 

IS0S4 

IIA12 

11971 

0201 

4004 

550? 

2540 

4571 

44)1 

1401 

2100 

1100 

7401 

7415 
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0.9011 

4.0011 

9.1204 

9.9009 

9.71M 

ISO 

9.009S 

4.10S9 

0.044S 

t.4440 

9.9919 

o.s*os 

0.9SSJ 

so 

i:U8 

S.0949 

1.0*09 

1.0*09 

0*0920 

•«021S 

0*2040 

to 

1.0404 

0.1009 

0.1400 

0.9002 

0.999* 

O.SMO 

so 

t.04S9 

1*0049 

e.4090 

0.4090 

0.  902T 

0.0020 

0.4S47 

IM 

0.9990 

I.SOOS 

1.04*0 

1.044* 

0.0199 

0.4711 

0.900S 

ISO 

0.904S 

1.9004 

1.1144 

1.1144 

1*0499 

t.toos 

O.TSIO 

so 

0.0S90 

4.04S9 

0.0049 

0.0049 

2.2*20 

S.042* 

1.2710 

40 

O.OMI 

S.04i9 

1.4992 

1.4992 

2.1020 

1.9*0* 

I.OIIT 

00 

1.9904 

9.1190 

S.199S 

S.199S 

1.9090 

2.90  99 

1.0720 

ISO 

1.0000 

S.SS99 

S.4I49 

2.4149 

1.0990 

2.0090 

1.0047 

ISO 

0.0444 

S.Q9O0 

U09S0 

1.0920 

1.0*11 

1.0047 

1.9000 

M 

1.0S94 

9.4400 

4.9941 

4.994t 

lt.*100 

*.99*9 

*.S*9S 

40 

O.OIIO 

0.4119 

J.S009 

9.2009 

19.4041 

12.4990 

o.osoo 

00 

0«e044 

9.404* 

4.4109 

0.4109 

9.0099 

7.9941 

9.0949 

IM 

4.04M 

*.4010 

4.9900 

0.9900 

4.4149 

*•9079 

4.*StO 

ISO 

1.1*40 

9**049 

S.070* 

2.0704 

S.20i0 

4.490* 

S.4S0S 

SO 

OrOlOO 

S.I099 

0.0134 

0.0194 

0.0400 

0.74BS 

0.9MS 

40 

0.4944 

1.9*44 

1.1140 

1.2140 

0.4209 

0.9144 

0.9704 

00 

0.9S9S 

I.49S9 

1.0940 

1.0940 

1.0991 

0.7922 

0.9041 

ISO 

0.4404 

1.0490 

0.090* 

0.0904 

1.2499 

0.0944 

4.0401 

ISO 

0.0941 

1.09S4 

1.9902 

1.9902 

1.2491 

O.S77S 

O.flOS 

SO 

0.0*90 

9.444* 

0.4*19 

0.4419 

9.1941 

14.7710 

9.1100 

40 

0.0949 

7.0409 

S.OlOO 

2.0900 

4.4200 

11.9247 

4.4ltS 

00 

S.4449 

9.494* 

l.**9t 

1.4491 

0.9910 

10.4990 

4.S0I4 

ISO 

S.4449 

9. *94* 

l.**9t 

1.4191 

0.9910 

10.4990 

4.2094 

ISO 

1.4004 

9.4009 

I.*!*! 

1.4942 

9.9291 

9.9442 

9.4912 

so 

0.4999 

9.000* 

0.9910 

0.9910 

1.0400 

1.0497 

S.*449 

40 

1.0094 

9.44*9 

1.4J94 

1.4994 

2.9022 

9.99*2 

l.*01* 

00 

I.SttO 

4.9949 

1.*192 

1.4102 

0.0104 

4.101S 

2.1940 

IM 

1.9104 

4. *401 

4.199* 

4.1994 

4.4909 

4.9*02 

2.94*0 

ISO 

I.S49S 

9.0914 

9.9941 

9.9941 

S.9404 

9.9940 

2.9*91 

so 

0.0SS9 

*•0009 

0.1440 

4.1440 

S.4494 

9.4949 

S.OiOO 

40 

0.1419 

9.04** 

9. 9094 

9.9094 

4.2499 

s.*eoo 

S.49SS 

00 

0.14SI 

9.4940 

2.4994 

1.4994 

0.1049 

2.0994 

S.SOOO 

ISO 

0.900S 

4.S400 

l•«S49 

1.4249 

2.4014 

S.2999 

2.2090 

ISO 

0.4009 

S.40tS 

1.1490 

1.1494 

1.9440 

1.970I 

1.2200 

so 

0.0194 

S.99M 

S.44I9 

1.0992 

1.4992 

0.0104 

4.0901 

0.0910 

40 

9.909S 

0.2I02 

0.2102 

9.0O09 

0.444S 

1.0S22 

00 

9.SI90 

9.9190 

0.2109 

«.2l09 

t.ltll 

t.tlOl 

S.IOil 

ISO 

S.IOOO 

s.oooo 

9.2949 

9.2949 

9.994S 

9.0199 

9.10*2 

ISO 

t.4S9S 

S.0904 

S.9110 

2.9110 

S.0410 

S.4991 

2.S9iS 

•0 

0.4491 

9.9194 

0.4404 

0.4404 

9.2421 

1.2090 

S.790S 

40 

0.4900 

9.1941 

1.742  9 

2.9429 

9.1190 

S.0241 

S.020I 

00 

0.4449 

S.9994 

0.4044 

0.0444 

1.0019 

O.Otlt 

1.0044 

ISO 

0.9S00 

S.S4S9 

1.0004 

1.0004 

I.SIOO 

0.0940 

1.09*0 

ISO 

0.4944 

S.SOll 

1.S919 

1.2919 

1.4099 

1.1119 

1.0*92 

M 

0.4491 

9.7194 

0.4004 

0.4404 

9.2421 

1.2090 

S.9B09 

40 

0.9941 

9.4449 

S.4299 

2.4299 

S.9409 

2.19*9 

S.004I 

00 

0.9490 

4. 1*04 

1.9409 

1.9009 

I.VOIO 

1.0999 

2.0971 

ISO 

0.9 19S 

S.9J04 

1.0092 

t*0492 

1.0090 

I.IOOO 

1.0092 

IM 

0.9404 

S.4999 

1.2494 

1.2494 

1.4999 

1.92*9 

1.1904 

to 

0.4S90 

4.04S9 

0.00*9 

0.00*9 

2.2420 

2 .041* 

l.27|i 

40 

I.JI70 

S.O40O 

1.4499 

U»499 

1.9220 

1.9901 

0.0090 

00 

0.9999 

1.9949 

1.444* 

l.*004 

1.1440 

0.0900 

O.TMO 

ISO 

0.40.4 

0.009S 

0.0002 

0.0002 

0.4209 

0.9442 

0.9020 

ISO 

4.4940 

1.0919 

1.0991 

1.0991 

0.0241 

0.0994 

0.0091 

SO 

0.4994 

S.44I9 

9.4991 

1.0992 

0.0144 

4.0901 

O.OSIO 

40 

S.14«0 

4.1009 

2.9049 

I.IOOI 

0.0499 

4.4  TOS 

1.0074 

00 

S.9449 

9.0004 

9.9091 

9.9011 

9.2090 

9.9009 

I.0SS7 

ISO 

1.09*1 

9. 94S4 

9.  9409 

9.9409 

S.902J 

9.9409 

S.IM4 

IM 

I.II90 

S.4904 

1.99*0 

2.99*0 

1.9994 

1.9401 

2.94SS 

90 

0.4490 

9.440* 

0.4419 

0.4419 

9.1949 

14.7910 

S.llOO 

40 

S.ISOO 

4. 9449 

0.9049 

4.9049 

9.9441 

4.4400 

1.7400 

M 

I.9I4S 

4.999S 

0.0429 

0.0429 

*•9244 

9.4090 

2.SI77 

IM 

I.OMI 

4.9091 

1.0920 

1.0920 

0.09*4 

9.94*0 

2.7090 

IM 

1.9940 

4.0*99 

9.4219 

9.42I9 

4.0099 

9.000S 

2.7m 

M 

40 

4.*99* 

9.*499 

SI.2904 

9.9149 

Sl.2904 

9.9149 

9S.9494 

2.2904 

9.0ITS 

S.*24S 

II 

•  • 

00 

1.0191 

1.99S4 

2.1944 

2.1944 

1.0094 

1.9490 

1.4401 

ISO 

S.fOOT 

0.4109 

0.0704 

0.4904 

0.90*9 

0.0141 

0.4007 

IM 

0.9404 

O.OS1S 

1.4941 

1.0'»4I 

1.0420 

o.otoo 

0.0440 

M 

4.404S 

0.0149 

0.9794 

0.  9990 

0.9007 

0.9T09 

O.SIOI 

(0 

0.9090 

1.9900 

0.4104 

o.tiot 

0.99tl 

0.4419 

0.4247 

00 

0.4i40 

1.4104 

0.0409 

0.0409 

1.1099 

0.99SO 

0.0404 

ISO 

4.9990 

1.9%9S 

1*0492 

1.0092 

UOOM 

0.4047 

0.7l0t 

IM 

0.9449 

1.9140 

1.1204 

1.1240 

UOtll 

0.4444 

0.7SS0 

90 

4.9149 

0.9494 

4. 9490 

UOtOi 

9.IS01 

9.0129 

40 

S.49S9 

4. 944* 

0.0T04 

4.0904 

0.9li9 

4.0104 

S.07I4 

M 

1.4404 

9.9914 

U9I29 

1.9129 

9.10*1 

7.9940 

S.S00f 

ISO 

1.9944 

9.9949 

2.0210 

2.0210 

t.otio 

4.0494 

S.ltit 

ISO 

1.4009 

4.fSS9 

9.4109 

9.4109 

4.0**l 

4.1449 

2«40tS 
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1 

MIMUrtS 

SHlNOiNC, 

OICMIC 

0047106 

SISMIMO 

NMNfIMO 

MIKIMO 

CONOIMO 

M 

0«0I40 

S*ST4| 

0*7504 

0*7500 

I.OSU 

1*4500 

s.tooe 

M 

o*osio 

4.S47S 

0*7104 

0*7104 

2*4717 

S*0004 

2.4S0S 

ft 

i.ioro 

S.SSOS 

1*1140 

1*1140 

S.S401 

4*1211 

i.OSII 

UO 

laoor 

S.1054 

S*SS41 

2*S44t 

4*4410 

4.00S2 

t.fOM 

IM 

0*0St4 

S.0004 

1*0201 

I.OSSS 

2.SS4S 

2.SSSS 

1.1040 

M  MIUMtPNU  C  MiMMI 

SO 

0*S0S| 

0.47 IS 

o.stir 

0*2fS7 

0.4741 

O.M22 

0.1014 

40 

0«4S40 

0.0171 

0*4014 

0*4014 

0.4104 

0*10S0 

0*1001 

00 

o.osso 

I.S4S0 

o.oiis 

0*01iS 

I.OIIS 

0.4124 

0*S4M 

too 

0«fS04 

1.1742 

1*0574 

1*0570 

0.0240 

0.4S07 

0*1201 

IM 

0.4014 

0.0700 

o*tioo 

0*7100 

0.4020 

0.4412 

0*4001 

M  »UI 

2: 

1S.0T0S 

7*0171 

12.1144 

22.IS40 

tS.0070 

0.4074 

11*1741 

s.o4or 

1.4445 

4.7252 

0.7252 

S.4070 

1.1001 

4*1114 

00 

I.ISSO 

1.5025 

2.4550 

2.0550 

1.4110 

1.4040 

1*0522 

lit 

0.4 S4S 

0.4505 

0.0214 

0.02SO 

0*0410 

0.07S4 

0*0S41 

IM 

O.fTST 

o.ooot 

0*0407 

0*0007 

0.0142 

0*0170 

0.0441 

M  ICMMItftILL 

SO 

I.OOIS 

2*0024 

0.7425 

0.7425 

1.2025 

1.S200 

l*541T 

40 

0.4SIO 

4. 1045 

1.4021 

i.4021 

S.1470 

1.077S 

1*0700 

00 

0.4OS0 

4.5101 

2.0445 

2.0445 

S.S044 

1.0147 

2*2742 

lit 

0.040S 

2.404S 

1.7575 

1.7575 

1.1704 

2.1474 

1.1011 

IM 

1.0104 

2.7410 

2.0540 

2.0540 

2.5404 

2*4101 

1.4110 

M  MTMM 

SO 

l.im 

0*1401 

0.7745 

0.7741 

2.0040 

l■•41•S 

S.4202 

40 

O.iSSS 

4.1515 

0.4024 

0.4024 

1.7272 

7*1247 

1*1017 

M 

0.0000 

4.0451 

0.7755 

0.7755 

4.5521 

S*1445 

4.0001 

ISO 

I.OSSS 

5.0214 

1.0047 

1.0047 

4.4521 

S.0744 

1.4120 

IM 

1.1407 

5.IC54 

2.5041 

2.5441 

4.4410 

4.0052 

S.OOM 

M  SHUIVMI 

SO 

I4T.004S 

SI.422I 

24.1414 

24.1414 

201.0221 

114.0445 

20.4417 

40 

S.S4S7 

S.2440 

2.0  754 

2.0T50 

1.5221 

10*1122 

2*1404 

00 

S.OISi 

5.4440 

1.5405 

1.5405 

4.0422 

7.4414 

S.1004 

ISO 

1.0201 

S.OliO 

S.tllO 

5.1114 

4.4421 

7.7070 

S.iOOO 

IM 

l.fOOl 

4*0550 

4.1547 

4.S547 

S.4041 

4.0411 

1. 1240 

I 

: 

SO 

I1.S4S4 

7*0140 

4.4504 

4.0500 

10.0044 

70*0110 

10.1 SOS 

40 

S.lfSO 

1.0114 

10.1411 

10.1411 

5.O407 

10.1201 

1.4  740 

00 

S.441S 

S*  2225 

7.1121 

7.1121 

4.2040 

7.5407 

1.5002 

ISO 

S.SSOO 

S*0f44 

0.0450 

0.0050 

0.7904 

0.0107 

0.0044 

ISO 

S.SSOS 

5*1724 

5.0025 

5.0025 

5.7094 

5.0100 

4.2000 

MtllOil 

SO 

0.0142 

4.2040 

1.0417 

1.0417 

2*2795 

IS. 5011 

4.4004 

40 

0.0407 

5.5220 

1.1424 

1.1420 

5.9211 

0.02i0 

1.0447 

00 

l.tSIS 

4.1411 

0.0124 

0.0124 

5.1072 

4.0040 

4.1174 

ISO 

1.1002 

5.4241 

1.4727 

1.4727 

5.0055 

4.1515 

1.1270 

ISO 

1.2007 

S.1140 

S.7141 

S.7141 

4.7240 

S.5400 

2.0050 

M  MVIIt 

10 

S.I1S2 

4.0141 

100.1102 

100.1102 

O.oouo 

42*4101 

12.0251 

40 

i.lSSf 

5.2175 

15.1710 

15.1710 

12.0147 

17.5047 

11*7247 

M 

S.lOf? 

1.0501 

0.4704 

0.0704 

5.2207 

7.1022 

7.1471 

ISO 

S.ISSI 

2.4174 

4*0110 

4.0170 

4.4400 

4.4154 

4.5724 

IM 

1.2400 

1.4770 

2.1515 

2.1515 

2.1472 

S.5011 

2.5401 

M  nvoniiia 

SO 

i.iOfs 

S.I440 

1.0440 

1.0104 

1.0104 

1.4022 

4.4144 

1*1114 

40 

1.4554 

4.5124 

4.5124 

7.5279 

0.0407 

2.0M2 

00 

I.S004 

1.4145 

4.0514 

4.0514 

4.5121 

7.4150 

2.1540 

ISO 

S.SSSO 

S.414> 

5.4591 

5.4501 

4.9579 

S.4001 

4.0041 

IM 

s.tss? 

S.1456 

4.5501 

4.5501 

4.0142 

5.1004 

1.1014 

9A  vow 

SO 

o.osss 

4.000} 

0.1440 

0.1440 

2.4414 

1.4545 

1.4100 

40 

0.74IT 

5.0444 

1.7054 

1.7050 

4.2177 

2.4000 

1.4722 

00 

0.4  700 

5.1741 

2.1421 

2.7427 

S.1150 

2.0241 

1.0401 

ISO 

0.7054 

1.4422 

1.4471 

1.4471 

1.9115 

1.7501 

1*0054 

IM 

0.5744 

S.4002 

1*0457 

1.0457 

1.4514 

1.2000 

1.1010 

lU  MKMN 

SO 

0.S4SS 

0. 1412 

0.1024 

0.1024 

0.0011 

0.1012 

0.0247 

40 

O.SI57 

0.2225 

0.2011 

0.2411 

0.1210 

0.1710 

0.0444 

M 

0.0041 

O.lllf 

0.4  740 

0.4740 

0.2442 

0.2050 

0.1420 

ISO 

0.0174 

0.4740 

0.5277 

0.5277 

0.4002 

0.1440 

0.5117 

IM 

0.0744 

0*5157 

0.4150 

0.4150 

0.4242 

0.4414 

0.4024 

%i  iftui 

SO 

O.SSOS 

0.1542 

0.0071 

0.0071 

0.0011 

0.0007 

0.0217 

40 

0.44M 

0. IVOO 

0*2744 

0.2744 

0.1127 

0.1114 

0.0410 

M 

0.0000 

0.1055 

0.4407 

0.4407 

0*1111 

0.2574 

0*1771 

ISO 

O.OiOO 

0.4040 

0.4500 

0.4500 

0.1402 

0.1002 

0*2102 

IM 

OeOOlS 

0*4074 

0*0412 

0.4412 

0.4155 

0.442S 

0.4411 

Mi  HUOSON 

SO 

0.2544 

0.1511 

0.0241 

0.0241 

0.0000 

O.OMS 

0.0214 

40 

0.4400 

0. 1000 

0.2744 

0.2744 

0.112  7 

O.IIIO 

0.0410 

00 

0.0 S44 

0.2712 

O.lllT 

0.1117 

0.1407 

0.2104 

0.1110 

ISO 

0.0210 

0.4040 

0.4401 

0.4401 

0.1541 

0.1070 

0.2010 

ISO 

O.OSIS 

0*4004 

0.4501 

0.4500 

0.S471 

0.1171 

0.2214 

Mi  NUHfMMON 

so 

leSOSi 

0*4010 

4.0441 

4.0441 

1.1741 

0*1400 

0.1241 

40 

0.0045 

1.2240 

1.5004 

1.5000 

1.027S 

0.4714 

0.2M4 

00 

0.5057 

0.5401 

0.5145 

0.5145 

0.4145 

0.1010 

0.2102 

ISO 

0.4007 

0.7020 

0.7045 

0.  7045 

0.4S05 

0.4401 

0.1044 

IM 

0.0100 

0*T01S 

0*0140 

0*0140 

0.4002 

0.4  MS 

0.1700 

Mi  MiMiN 

JO 

0. 7574 

0*2700 

0.5105 

0.5SS5 

1.2110 

0.0440 

0*0100 

40 

OeOSSO 

0.4712 

0. 1274 

0.1214 

0*4104 

0.27S0 

0.2121 

00 

0.7440 

0.4002 

0.4741 

0.4741 

0*4110 

O.SSOS 

0.2714 

ISO 

0.50IS 

0.5044 

0.510J 

0.514S 

0.4422 

0.1140 

0.2S01 

ISO 

0.50IS 

0.7421 

0.0411 

0.4411 

0.5511 

0.4450 

0.1524 

Mi  MIMiltil 

so 

1.4110 

0.1054 

O.S200 

0. 1210 

0.7704 

0.1141 

0.0077 

40 

0.5140 

0*2400 

0.1100 

0.1100 

0.2110 

0.1500 

0.0000 

00 

0.5724 

0.4451 

0*1011 

0.1071 

O.ST77 

0.22I4 

0*1014 

ISO 

o.oits 

0.5212 

0.4512 

0.4511 

0.1400 

0.1000 

0.2104 

IM 

o.ooso 

0*4144 

0.4012 

0.4412 

0.4004 

0.1410 

0*2401 

Mi  NOMMOUTN 

SO 

S.40SI 

o.troi 

0.4110 

0.4110 

1.1754 

0*1400 

0.4001 

40 

0.OS4O 

O.IIIO 

0*224$ 

0.2245 

0.7151 

0.0712 

0.2IS0 

00 

0.I40S 

0.502S 

0.4141 

0.4141 

0.5211 

0.2500 

0.2102 

ISO 

0.5740 

0*4710 

0.404S 

0.4002 

0.1041 

0.2177 

0.2014 

IM 

O.SOSf 

0*5247 

0*4001 

0.4001 

O.SfOf 

0.207S 

0.2111 

•••  Mietl*Tlt«  IK. 
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eomiff  OAQifA 

M  NOMlt 


N4  OMAN 


ttl  MSSAK 


nj  ONIiAOiLAMlA  MSAHli 


Mi  SAilN 


«J  SOMIAftCf 


MJ  SMSMI 


Hi  UMIOH 


lU  HAAAfli 


«r  At.OAinr  s«$a 


Nf  «MO«i  C  ffOGA 


m  CMNANfiO 


Nf  COiUflOU 


m  MiAMMf 


Af  oirrcNiis 


A?  iOllAt 


AV  AASIAU  4  Mirroil 


AT  AIA  TOOK  CITT 


AUMifS 

SklANlW  ^ 

AlCAIC 

OOAflAO 

riSMiAo 

MUNf lAO 

AI«IAO 

CAM  IAS 

M 

0*SA14 

1*7441 

1*7441 

0.M94 

O.MAT 

0*0044 

0*4f|t 

0*0441 

0*4040 

O.SO40 

0*1200 

0*2410 

0*1911 

«• 

0*4010 

0*4411 

0*4440 

0*9410 

0.S171 

0*0770 

0.1000 

IM 

0*4040 

0*44M 

0*4141 

0*4141 

0*1801 

0*4000 

0*OSM 

IM 

0.4S4S 

0*4041 

0*4414 

0*4419 

0*4044 

0*4044 

0*1014 

M 

»*S4?I 

0*1470 

0*1444 

0*  SS4S 

I.44SJ 

0*0997 

o.ttoi 

AO 

0*0404 

0*1071 

0*4004 

0*4004 

1.0418 

0*1120 

0*4014 

M 

0.TS44  ■ 

0*44A4 

0*1014 

0*1014 

0*4174 

0*0410 

0*0040 

IM 

0*4044 

0*4741 

0*4404 

0*4404 

0*4444 

0*0091 

0*0121 

IM 

0*S4S4 

0*4700 

0*4014 

0*4019 

0*S7il 

0*0404 

0*1404 

M 

0*S44S 

0*4111 

1*0141 

1*0181 

0*1091 

0*2824 

0.0944 

AO 

0«%44r 

0*0444 

0*4404 

0*9404 

0*2007 

0*0974 

0.1940 

AO 

0*4410 

0*0444 

0*4444 

0*9494 

0*1002 

0*2747 

0*1497 

100 

o«oros 

0*4444 

0* 7441 

0* 7441 

0*4012 

0*4794 

0.910J 

110 

4*4VaO 

0*4404 

0* 7041 

0*7041 

0*4077 

0*4479 

0*4014 

M 

0.S4SI 

0.4714 

0*0447 

0*0897 

0*4741 

0*1020 

0*1414 

40 

0.4MS 

0* 7A47 

0.1414 

0*1914 

0.4410 

0*1787 

0*2107 

AO 

4.4T4I 

0*7400 

0*4114 

0.41T4 

0. 7044 

0*1440 

0*1404 

100 

o*rooi 

1*0014 

0.444? 

0*4447 

o.isoi 

0*1404 

0*4212 

IM 

0*fS44 

1*0044 

1*0114 

1*0114 

0*4904 

0*9117 

O.SOlO 

JO 

0*0040 

0*7411 

0.4474 

0*4974 

0*1497 

0*7494 

0*1041 

40 

0*1440 

0*4400 

0.1044 

0*1044 

0.4490 

0*1910 

O.OIOS 

AO 

4*4440 

0*A17I 

0.4014 

0*4014 

0*4144 

0*1418 

0*1001 

too 

0*4010 

1*0704 

0.4140 

0*4182 

1*0007 

0*4044 

0.9941 

IM 

0*  f44S 

1*1440 

0.4444 

0*4849 

1*0041 

0*9400 

0*9049 

M 

0*4100 

0*1404 

1*1404 

1*1428 

0.8141 

0*2920 

0.0442 

40 

0*0t74 

0* 1404 

0*4440 

0*8440 

0.1491 

0*2787 

0*1714 

AO 

0*4404 

0*4744 

0*4044 

0*  9044 

0*4040 

0*0904 

0*2072 

too 

0*4440 

0*4441 

0*4141 

0*9141 

0.4794 

0*1401 

0*2444 

IM 

0*4040 

0*4400 

0.4400 

0*4400 

0.1444 

0*4911 

0*2702 

M 

lO.OIAT 

4*4114 

01.0104 

01*0104 

19.7874 

9*0172 

7.0707 

40 

0*I04T 

U2A10 

4.0407 

4*0907 

2*4*4« 

1.1441 

1*4412 

AO 

0*4014 

0*4401 

1.4114 

1*8119 

0*7924 

0.8114 

0*4944 

too 

0*1144 

0*4104 

0.4440 

0*4440 

0*«%74 

0.7944 

0*9448 

IM 

0*7074 

0*717? 

0.  7074 

0*7874 

0*4449 

0*7400 

0.4422 

SO 

0*1411 

0*OOAi 

0*7114 

0*7114 

0*4414 

0*1174 

0.0717 

40 

0*4704 

0*1411 

0*0744 

0.0714 

0*1942 

0.1191 

0.0494 

M 

0*4070 

0*«004 

0*4144 

0.4U4 

0*1241 

0.0440 

0.1444 

too 

0*40 lA 

0*4444 

0*4441 

0.4441 

0*1941 

0.1070 

0.2010 

IM 

0*4410 

0*4144 

0.4441 

0.4848 

0*4127 

0.1414 

0.2740 

SO 

4*1470 

0*4044 

7.4944 

7.49»4 

4*7412 

0*1414 

S.2M1 

40 

1*4444 

1*4400 

1*7490 

1*7490 

0*1974 

1*0474 

1.0490 

00 

1*0404 

1*1147 

U4T07 

1*4707 

0*7711 

0*1140 

0*4901 

too 

0*4404 

0*1141 

0*7711 

0.7711 

0*4149 

0*7101 

0.9924 

ISO 

0*4744 

0*0444 

0*4400 

0*4400 

0*0094 

0*7110 

0*4904 

so 

1*1144 

0*4701 

0.4114 

0*4114 

0*4844 

0*4111 

2*4490 

40 

1*4440 

0*A}7| 

1.0441 

i*044( 

0*9047 

1*7444 

1*0047 

00 

1*0  744 

0*4040 

1*0711 

1*0711 

0*4821 

1*0110 

1*1991 

too 

0*0700 

1*0474 

1*4090 

I.8O90 

1*4004 

0.0784 

9*4410 

IM 

0*1104 

1*1140 

0*0111 

0*0111 

1*9040 

1*1448 

7*0910 

SO 

1*4401 

1*0011 

4*4919 

4*4919 

0*1147 

1*4817 

1.9844 

40 

o.om 

1*0001 

7*4170 

7*4170 

4*4142 

0*9411 

4.4089 

00 

0*4770 

1*1044 

0*4119 

0*4111 

4*4779 

11*8014 

10.0491 

ISO 

0*4407 

S*00lt 

4* 4444 

4* 4499 

0*4144 

4.1417 

10.7770 

IM 

0*4444 

1*1144 

4*9711 

4*4711 

4*1070 

0*9010 

4*7000 

SO 

0*1000 

4*1444 

1*4449 

1*4449 

0*9441 

0.0141 

24*0044 

40 

1*4040 

0*4404 

7*4010 

7*4080 

10*0178 

7.9841 

14*9400 

00 

0*A4tA 

0*4411 

7*1440 

7*1480 

14*1918 

7.1780 

19*9049 

100 

0.440A 

1*0777 

4*4918 

4*4918 

11*4404 

7*0404 

IS.77T4 

ISO 

0*1414 

0*7404 

4*0949 

4*0949 

4*  7894 

0*0129 

10*0709 

SO 

4*1404 

1*1144 

0*4144 

0*4189 

0*1978 

0*0411 

9*0401 

40 

1*7404 

0*4400 

1*1444 

1*1444 

0.T42O 

1*4400 

9.0S04 

00 

0*0714 

0*0444 

1*7999 

1*7999 

0.7044 

1*1440 

2.4700 

MO 

l*04tl 

0*7000 

1*4014 

1*4014 

1*4184 

1*4104 

1*4094 

IM 

0*0140 

0*1414 

0*4  709 

0*4709 

0*9408 

0*4171 

I.ISIO 

SO 

1*4140 

4*0400 

4*1141 

4*1181 

81*4497 

44*7104 

40*9107 

40 

1*0114 

4*1444 

1*1440 

1*1440 

00*7019 

IS.8104 

10*9400 

M 

S.144A 

0*1104 

4*1940 

4.1940 

8*4141 

7*9140 

U.itlS 

100 

0*1401 

1*4447 

S.1S47 

9*1147 

4*7011 

4*1140 

0*1019 

ISO 

0*0AM 

1*4174 

4*9401 

4*9401 

4*0414 

4*009? 

9*0414 

10 

1*0100 

1*0774 

0*4440 

0*4480 

1*1777 

I.IIIS 

1*0104 

40 

0*4701 

0*4044 

1*4401 

l•4•oa 

0*4474 

1*0104 

1*4444 

00 

1*4011 

0*4144 

1*1949 

1*1949 

0*4010 

1.0000 

0*0004 

100 

0*?44S 

0*  1047 

0*4091 

0*4041 

0*9019 

0*9007 

0.4701 

ISO 

0*7700 

0*1444 

0*4470 

0*4470 

0*9817 

0*7017 

0*4401 

so 

7*1407 

0*1441 

9*4414 

9*4414 

0*1471 

I9.00M 

4*0917 

40 

1*4744 

0*4040 

1*0711 

1*0711 

0*4801 

1*0110 

1*1999 

00 

O.OIAI 

1*0740 

1*4004 

1*8004 

4.9701 

1.7700 

4*9017 

100 

0*4iao 

1*1444 

1* 1 140 

1*1140 

1*4140 

1*9177 

7*0111 

ISO 

1*7140 

1*0474 

1*1977 

1*1977 

0*0904 

0*7117 

4*0114 

so 

0*4744 

0*4711 

0*0449 

0*0441 

0*0011 

0*1409 

0*0401 

40 

0*4744 

0*4711 

0*0441 

0*0441 

0*0011 

0*1409 

0*0001 

M 

0*7010 

0*0004 

0.0104 

0*0104 

0*0004 

0.1407 

0*0179 

100 

0*4AI0 

0*0140 

0*0049 

0*0049 

0.0270 

0.1411 

0*0401 

ISO 

0*4010 

0*0414 

0*0404 

0*2404 

0*0448 

0*0070 

0*0001 

SO 

0*l4t0 

0*1400 

0*0044 

0*0044 

0*0004 

0*0419 

0*0001 

40 

0*1144 

0*0144 

0*0701 

0*2  701 

0.0248 

0*1790 

0*0410 

.  00 

0* 7004 

0*0400 

0*1404 

0. 1404 

0.0448 

O.OOM 

0*0000 

100 

o*oots 

0*1441 

0*9I4S 

0*9149 

0*2797 

0*0079 

0*1000 

ISO 

O*44S0 

0*4041 

0*9991 

0*9991 

0*1044 

0*1440 

0*4401 

IM  AlMCUftft*  IX* 
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O.OMt 

1.2007 

I.MU 

1.4004 
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fO 

O.OtOf 

t.20ff 

4.0000 
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••0040 

••4400 
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IM 
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0.4421 

4.0747 
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O.MM 
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IM 
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n 
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4.0702 
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4.0000 

0*0704 
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10.1401 

M.4I42 

to 
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2.4444 

7*4204 

f.42M 

It.Oiti 

1.0440 

tO.MM 

IM 

2.UI0 

1.2001 

0.4020 

0.0020 

0.4001 

1.4710 

7.2044 

IM 

0.0021 

1.0200 

4.0400 

4.0400 

4.0040 

4.0010 

7.0702 

m  PWMAN 

M 

0.OM0 

0.0004 

4.4207 

4.4207 

0.0107 

0.7414 

••2Mt 

00 

0.0001 

4.4700 

1.0120 

1.0120 

0.1002 

••4000 

0.0400 

to 

O.tMO 

4.2770 

4.0747 

0*074? 

0.1140 

0.2042 

0.1070 

IM 

O.tOlO 

0.2012 

4.7041 

0.7041 

0.2041 

••0070 

0.0044 

IM 

0.fif2 

0.0040 

4.0441 

0.0440 

0.4UO 

0.4fM 

0.0207 

M*  tOWUiO  4  ontCMIttM 

M 

o.otot 

4.0404 

4.4207 

.  0.4207 

0.0107 

0.7414 

••1042 

*0 

O.AflO 

4.2210 

4.0414 

O.JOlO 

0.0044 

0.2101 

O.OM2 

•  « 

to 

o.ioro 

4.2040 

4. 0404 

0.0004 

0.0424 

0.2120 

o.oooi 

IM 

0.  tMt 

0.0400 

0. 744A 

0.7440 

0. 0440 

0.0027 

0.0000 

IM 

I.OOIO 

0.0700 

4.A470 

0.M70 

0.0407 

0.4740 

0.0111 

if  SMMMIIt 

M 

O.OtOI 

2.1741 

I.2A47 

1.2047 

0.1074 

4.0017 

0.1107 

•00 

I.MOt 

1.4471 

1*4141 

1.4141 

0.0411 

4.04 10 

7.4024 

M 

O.OMt 

4.0V0I 

1.4A4A 

1.4444 

4.0127 

0.4000 

7.1042 

IM 

l.tOAO 

I.20AO 

2*7442 

2.7442 

0.0011 

2.0*01 

4.4400 

&M 

I.OtAI 

1.1411 

2.0442 

2.0442 

1.0772 

2.0 100 

0.0M0 

iV  MiilVM 

M 

O.ISSO 

0.0004 

12.1024 

12.1024 

20.0007 

10.0740 

•0.0I41 

00 

0.0240 

1.0071 

12.0400 

12.0400 

0.2400 

4.0770 

lO.lOlt 

to 

0.0121 

2.0441 

0.0141 

4.0141 

0.1041 

••4400 

ao.ooti 

lao 

I.SOtA 

1.42^7 

0.1072 

0.1172 

2.1407 

0.0000 

0.0400 

IM 

O.IOAI 

4.7127 

1.1M4 

1*1044 

••0201 

1.1140 

1.2771 

if  Mitvto 

M 

1.0020 

1.4774 

4.0444 

0.0444 

1.1777 

I.IIIO 

O.fOtO 

00 

o.ftoo 

1.0220 

2.4104 

2.0100 

2.0110 

0.0040 

•3704 

M 

2.4200 

1.0407 

2.4702 

2.4702 

4.0174 

0.4110 

•••440 

IM 

1.4000 

1.4702 

1.7414 

1.7414 

2.0114 

1.4010 

0.4124 

IM 

0.0 7A0 

4.4724 

1. 1474 

1.1474 

0.4101 

0.7400 

U1007 

Cf  PAIOPIliO 

M 

0.7t0t 

4*4240 

2.1010 

2.1010 

••0440 

O.OIOO 

0*1000 

00 

I.OAOO 

4*2002 

1.1700 

1.1700 

0.1174 

0.0410 

0.1704 

to 

0.0 TOO 

4.1044 

4*0«44 

0.0444 

4.0V14 

0.1721 

0.0012 

IM 

0.0001 

4.1700 

4.4144 

0*4144 

4.0000 

0.2242 

0.1244 

IM 

0.0tl4 

4*2144 

4.4104 

0.4100 

0.2004 

0.004t 

••0040 

Ct  ilKMPlHO 

>0 

0.i042 

4.2M7 

4*1144 

4.0140 

4.4417 

O.OOOO 

O.OOM 

00 

1.0 toi 

4.2040 

1.0747 

1.0701 

4.2744 

0.1001 

0.0204 

M 

l.tfOO 

4.1407 

1.4447 

1.4447 

0.2741 

0.2120 

••4470 

IM 

1.4140 

4.4404 

1*1074 

1.1070 

0.2044 

••4420 

•.0077 

IM 

0«f000 

4.2241 

4.40tt 

0.4001 

0.4121 

O.4t04 

••40M 

M 

2.0040 

4.0074 

4.1040 

e.OMO 

0.2020 

O.IMO 

0.2400 

00 

i«o4io 

0.0000 

1.7040 

1.7000 

0.1447 

0.0020 

0.1000 

M 

1.0741 

0*2140 

1.0707 

1.0707 

0.2744 

O.tOOl 

0.0204 

UO 

i.OOiH 

4.0700 

i.100% 

i.im 

O.II1» 

t.OOM 

0.2000 

IM 

0.0270 

4*1444 

0.0407 

0.0407 

•••010 

0.2220 

t.1200 

it  Mi  CAsat 

M 

0.2042 

4.7001 

4.4074 

0.4074 

0.0007 

0.7400 

••0000 

00 

0.2001 

4.4724 

0.2200 

0.1200 

0.4014 

••0044 

0.0202 

M 

0.40M 

1.4000 

1.1144 

1.1044 

0.4404 

0.4444 

t.4272 

IM 

0.0001 

t«4M0 

0.0010 

0.0010 

1.0440 

0.4000 

03020 

IM 

#•0401 

1.0221 

4.0440 

0.0040 

1*2404 

0.7700 

f.0t07 
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TABLE  B.A.B— rRACnON  Of  ACTIVITY  BAYS  AT  T|M(  DISTANCES  CNEATEA  THAN  STATED  VALUES.  12  ACTIVITIES. 

fUm  19TA  EENNSYLVANU  AECAEATION  SURVEY 


FISH 

ICC 

GOLF* 

SWIN 

PICNIC 

606  T 

*  HIM? 

CANF 

H06SF 

NCYCL 

SKA7 

MIN 

MINUTCS 

-NING 

-KING 

-INC 

-IN6 

-INC 

hikihg 

-ING 

6IP1NC 

SNOMM 

-ING 

GOLF 

tennis 

00 

uooo 

1*000 

1*000 

1*000 

1*000 

1*000 

1*000 

1.000 

1*000 

1.000 

1.000 

1*000 

10 

0*614 

0.066 

0*616 

0*796 

0*749 

0*726 

0*977 

0*761 

0*493 

0*974 

0*699 

0*433 

20 

0*396 

0*712 

0*760 

0*630 

0*551 

0*546 

0.921 

0*556 

0.329 

0*266 

0*367 

0*139 

20 

0*271 

0*561 

0*691 

0*497 

0.393 

0.410 

0*636 

0*269 

0*212 

0*121 

0*199 

0*046 

40 

0*244 

0*472 

0*627 

0*431 

0.336 

0.356 

0*775 

0*233 

0*164 

0*092 

0*  127 

0*040 

SO 

0*210 

0.303 

0*563 

0*366 

0.260 

0.301 

0.714 
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98 

94 

37 

87 

43 

72 

48 

43 

134 

81 

83 

83 

92 

182 

.  132 

114 

too 

43 

240 

182 

141 

118 

74 

300 

241 

179 

138 

84 

348 

311 

84 

134 

21 

137 

83 

88 

138 

21 

198 

104 

114 

144 

22 

178 

129 

120 

199 

2i 

180 

133 

133 

144 

29 

204 

148 

143 

171 

29 

219 

141 

2 

3 

8 

3 

2 

2 

3 

8 

1 

2 

2 

3 

8 

4 

2 

2 

3 

10 

4 

1 

2 

3 

10 

9 

3 

1 

3 

10 

9 

4 

4 

12 

2 

11 

4 

4 

12 

2 

19 

8 

7 

12 

2 

18 

to 

8 

U 

2 

20 

12 

8 

13 

2 

21 

14 

8 

13 

2 

23 

14 

141 

317 

49 

332 

208 

177 

314 

43 

382 

297 

191 

308 

42 

413 

281 

201 

308 

43 

434 

320 

212 

308 

42 

444 

344 

217 

304 

41 

490 

397 

19 

14 

8 

28 

20 

21 

10 

11 

44 

33 

27 

21 

13 

98 

44 

14 

24 

19 

74 

44 

44 

31 

18 

87 

04 

98 

30 

22 

121 

110 

17 

28 

43 

33 

18 

14 

28 

41 

20 

14 

14 

28 

42 

31 

14 

IT 

30 

44 

39 

18 

18 

31 

44 

38 

23 

29 

33 

4? 

47 

32 
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TA»U  OAtS  Af  OtSU««fS  AS  OACAT  AS  DISTANCE  OE  COUNfT  6AOUE  EHON  fOCRS  ISAANO  lARC# 

U  ACTIViriCSi  l*«r4  -  2*02S— NCuIUN  EOAULATION  MCMTN  SCAIES 
lACTlVtTV  DAYS  IN  TmOUSANDSI 


HINUTES 

* 

STATE  AND 

TO  TOCrS 

ICC 

OOLDt 

COUNTV  MOUD 

ISLAND 

SHIN 

DICNIC 

OOAf 

DISH 

HUNT 

CARD 

HORSE 

NCVCL 

SR4T 

NIH 

YEAR 

LAAE 

*HINC 

-«IN6 

•IN6 

-INC 

•IN6 

NIRINO 

-INO 

RiOINO 

SNOHH 

-INC 

COLD 

TENNIS 

DA  SNYOEft 

i«r« 

US 

40 

19 

14 

12 

0 

20 

22 

2 

3 

0 

4 

2 

lYtf 

US 

TA 

It 

19 

14 

4 

22 

29 

2 

3 

0 

3 

3 

IMS 

149 

92 

19 

23 

10 

7 

29 

20 

2 

4 

0 

0 

4 

2009 

149 

109 

21 

20 

IT 

• 

27 

30 

3 

4 

1 

r 

4 

2019 

U9 

119 

23 

32 

19 

9 

30 

33 

3 

4 

1 

0 

9 

2029 

149 

130 

24 

39 

20 

9 

32 

39 

4 

3 

1 

• 

0 

DA  suit  IVAN 

19TV 

140 

12 

S 

3 

3 

1 

4 

9 

0 

1 

0 

1 

0 

1909 

140 

13 

3 

3 

3 

1 

4 

9 

0 

i 

0 

1 

0 

1999 

140 

14 

3 

4 

3 

1 

4 

9 

0 

t 

0 

1 

1 

2009 

140 

19 

3 

4 

3 

1 

4 

9 

0 

1 

0 

1 

i 

2019 

140 

14 

S 

4 

3 

1 

4 

9 

0 

1 

0 

1 

1 

2029 

140 

17 

3 

9 

3 

1 

4 

9 

0 

1 

0 

1 

1 

DA  SUSQUEHANNA 

1974 

99 

110 

39 

33 

31 

13 

44 

49 

9 

9 

1 

7 

3 

1909 

99 

133 

43 

*2 

34 

14 

40 

49 

9 

9 

t 

• 

9 

1999 

99 

U2 

40 

92 

39 

14 

99 

94 

* 

10 

1 

to 

4 

2009 

99 

109 

93 

43 

43 

17 

01 

42 

t 

it 

2 

12 

• 

2019 

99 

217 

90 

7* 

40 

19 

00 

49 

9 

12 

2 

14 

0 

2029 

99 

243 

41 

•4 

92 

21 

74 

79 

10 

13 

2 

14 

II 

DA  UNION 

. 

1974 

139 

U 

10 

17 

14 

4 

22 

29 

2 

4 

1 

4 

2 

I9AS 

139 

79 

10 

21 

14 

7 

24 

27 

2 

4 

s 

9 

3 

1999 

139 

93 

21 

29 

10 

0 

27 

30 

3 

4 

1 

4 

4 

2009 

139 

too 

23 

30 

19 

9 

29 

33 

3 

9 

1 

f 

4 

2019 

119 

119 

29 

3* 

21 

9 

31 

34 

9 

9 

1 

• 

9 

2029 

139 

131 

24 

30 

22 

10 

34 

30 

4 

4 

1 

0 

4 

DA  VAVNE 

1974 

40 

144 

0* 

99 

41 

24 

02 

44 

13 

14 

9 

10 

T 

1999 

40 

204 

44 

71 

40 

24 

92 

74 

19 

17 

9 

20 

0 

1999 

40 

297 

109 

91 

to 

30 

109 

44 

19 

19 

* 

24 

12 

2009 

40 

313 

129 

114 

90 

33 

122 

97 

23 

22 

4 

91 

14 

2019 

40 

340 

140 

13? 

102 

40 

130 

110 

20 

29 

7 

37 

20 

2029 

40 

421 

19* 

199 

114 

44 

194 

123 

31 

27 

• 

43 

24 

DA  MTONlNO 

1974 

•9 

40 

20 

21 

20 

0 

20 

29 

3 

4 

1 

4 

2 

1999 

09 

01 

20 

24 

22 

9 

10 

31 

4 

4 

1 

9 

3 

1999 

09 

94 

30 

32 

24 

9 

31 

34 

4 

4 

1 

4 

3 

2009 

09 

liO 

33 

30 

ST 

10 

34 

37 

9 

7 

1 

? 

4 

2019 

09 

120 

3* 

42 

20 

u 

30 

39 

9 

7 

1 

0 

9 

2029 

09 

120 

39 

44 

29 

11 

40 

40 

4 

7 

1 

0 

* 

DA  rOAK 

19  74 

199 

910 

111 

113 

•9 

39 

142 

199 

12 

10 

3 

92 

17 

1999 

199 

432 

120 

143 

90 

44 

141 

179 

14 

20 

3 

40 

29 

1999 

199 

737 

130 

172 

107 

49 

170 

190 

14 

21 

3 

47 

21 

2009 

199 

033 

140 

200 

117 

33 

193 

217 

19 

21 

3 

93 

34 

2019 

199 

9U 

199 

229 

129 

37 

210 

231 

22 

29 

4 

30 

40 

2029 

199 

903 

1*7 

244 

132 

40 

222 

24* 

24 

24 

4 

43 

44 

N2  TOfAt 

1974 

2720* 

2901 

0929 

4744 

2903 

9234 

9212 

lit? 

1904 

499 

1042 

104* 

1999 

33707 

10921 

11449 

7079 

2933 

10737 

10*01 

1713 

2112 

947 

2429 

1920 

1999 

300  39 

11*02 

1349* 

07*0 

3273 

11973 

117*3 

2034 

2204 

423 

2019 

1020 

2009 

43439 

124*7 

19400 

99*0 

3901 

13044 

12797 

2303 

2400 

409 

3202 

2292 

2019 

47939 

13102 

1*993 

10209 

3030 

14044 

13720 

2**7 

2470 

747 

3401 

2990 

2029 

90409 

13909 

10172 

lOOTO 

4000 

14039 

1*4  7* 

2002 

2021 

792 

3092 

2004 

lU  DEAOfN 

1974 

TO 

4244 

1390 

1*92 

1072 

392 

1420 

1491 

200 

209 

47 

244 

140 

1909 

70 

4090 

1904 

1709 

1100 

412 

1371 

1309 

240 

101 

47 

300 

203 

1999 

70 

9423 

1*0  7 

2031 

1271 

4*3 

1491 

1711 

270 

314 

49 

343 

237 

2009 

70 

9904 

1*90 

2240 

1302 

499 

1014 

1031 

JOT 

319 

93 

3T9 

240 

2019 

70 

4309 

1740 

2420 

1**2 

920 

1921 

1939 

313 

3*0 

94 

401 

202 

2029 

70 

4409 

1072 

2900 

1920 

997 

2029 

2042 

394 

ITT 

90 

423 

313 

NJ  ESSEX 

1974 

T9 

1434 

U79 

11*4 

0*9 

244 

1131 

1149 

100 

244 

40 

lot 

121 

1999 

79 

4010 

1299 

1409 

929 

291 

1217 

1249 

192 

294 

41 

229 

133 

1999 

79 

42  70 

1309 

1934 

949 

194 

1230 

12*9 

207 

290 

40 

244 

172 

2009 

79 

44  70 

1300 

1430 

9*2 

301 

1201 

1209 

210 

293 

40 

240 

100 

2019 

79 

4019 

131* 

1710 

974 

309 

1299 

130* 

229 

299 

40 

2T0 

202 

2029 

79 

4791 

1324 

1702 

990 

310 

111? 

1324 

297 

290 

41 

2T9 

212 

Hi  HUDSON 

704 

29 

132 

74 

1974 

09 

2204 

793 

714 

913 

213 

790 

90 

149 

1999 

•9 

2420 

7*0 

010 

922 

210 

012 

7U 

109 

143 

24 

140 

00 

1999 

•9 

2090 

700 

910 

942 

227 

•43 

730 

114 

144 

24 

144 

109 

2009 

09 

20*7 

010 

1014 

944 

234 

074 

7*0 

127 

149 

24 

ITO 

121 

2019 

09 

3031 

029 

1094 

901 

241 

902 

709 

130 

194 

29 

109 

IM 

2029 

09 

31*7 

044 

1190 

994 

249 

927 

•09 

147 

197 

29 

100 

144 

Hi  HUNfEAOON 

191 

11 

97 

10 

10 

1974 

49 

4*0 

too 

191 

133 

90 

174 

40 

1999 

49 

020 

240 

224 

179 

49 

229 

199 

49 

44 

IS 

$T 

10 

1999 

49 

027 

112 

300 

224 

•4 

294 

299 

42 

97 

14 

T4 

43 

2009 

49 

1001 

304 

301 

244r 

99 

340 

301 

TO 

47 

10 

03 

99 

2019 

49 

11*0 

*13 

447 

303 

113 

397 

344 

92 

77 

21 

100 

44 

2029 

49 

1313 

*01 

909 

341 

127 

444 

304 

104 

•4 

23 

122 

74 
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TAtU  «.A.lt****eriV|TV  om  at  OISrAUCtS  as  AACAT  as  OISTANCC  os  COOUfT  OtOUS  Ston  IOCAS  IStAHO  iAAt* 
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HINUffS 

SfATf  ANO  TO  TOUS 

COUNTT  OAOUS  ISLAND 

SHIN 

PICNIC 

TIAA 

LMt 

•NIX 

•CINO 

NJ  XACtA 

l«TA 

AO 

IITA 

AlO 

IMS 

AO 

ISAS 

AAA 

ISSS 

AO 

IA4A 

SAA 

loos 

AO 

lISS 

404 

tois 

AO 

24IS 

44S 

I02S 

AO 

ISSA 

4AS 

M  NinoLisci 

IOTA 

AO 

ISQI 

AIS 

IMS 

AO 

Jill 

SAA 

ISSS 

AO 

J7IA 

1104 

lOOS 

AO 

AITI 

IISI 

tois 

AO 

ASJS 

1274 

MIS 

AO 

AAOA 

IJJA 

MJ  NONNOUTN 

l«7A 

IIS 

IJAS 

J4S 

ISAS 

IIS 

ITJO 

AIT 

ISSS 

IIS 

1071 

47S 

loos 

IIS 

IJ4T 

S22 

lOIS 

IIS 

1411 

SAA 

MIS 

IIS 

IAI4 

SSS 

NJ  MOAAIS 

ISTA 

AO 

ISTJ 

AIS 

ISAS 

40 

l«A4 

AOI 

ISSS 

40 

JllA 

S7I 

lOOS 

40 

J4SA 

1107 

MIS 

40 

AOSJ 

IMS 

lois 

40 

AIAO 

I24A 

Mi  KCAN 

ISTA 

US 

AOS 

ISS 

ISAS 

US 

lOttS 

111 

ISSS 

US 

1100 

ITS 

lOOS 

US 

1SJ4 

Jll 

MIS 

US 

1707 

SJS 

US 

lAOA 

JAA 

Mi  AASSAK 

ISTA 

so 

|A  70 

toil 

ISAS 

so 

lAAl 

1104 

ISSS 

so 

Jilt 

UTS 

lOOS 

so 

JAAS 

Ills 

lOlS 

so 

JfJS 

tils 

MIS 

so 

SSS? 

ISIS 

«M  SHliAOCiSHlA 


ISiA 

US 

1271 

SSI 

ISAS 

US 

J0S2 

AM 

ISSS 

US 

JSAS 

T7J 

loos 

US 

AOAA 

A44 

lots 

IIS 

ASAA 

SIS 

lOlS 

US 

ASSA 

SSS 

MJ  S4LAN 

ISfA 

US 

ill 

10 

ISOS 

IAS 

IA2 

JO 

ISSS 

lAS 

20S 

41 

lOOS 

IAS 

22S 

AA 

lOlS 

IAS 

247 

AA 

lOIS 

IAS 

241 

A? 

MJ  SONtASAT 

ISIA 

40 

1012 

JAS 

ISAS 

AO 

1271 

All 

IASS 

40 

IAA7 

AAA 

lAOS 

40 

14  Jl 

ASJ 

MIS 

40 

ifsa 

SJA 

MIS 

40 

lAAS 

SSA 

MJ  SUSSII 

ISIA 

10 

AIJ 

IIS 

ISSS 

10 

IJOl 

SIA 

ISSS 

10 

IA4J 

AAI 

lOOS 

10 

lOOS 

740 

MIS 

10 

lAIA 

AAA 

MIS 

10 

lASO 

SJI 

MJ  tINtOM 

ISIA 

OS 

IITO 

AAT 

ISAS 

•s 

2JI0 

AIJ 

ISSS 

is 

lASJ 

AAA 

leos 

os 

ISSS 

Atr 

MIS 

os 

I42S 

ASA 

MIS 

AS 

MSA 

lOA 

NJ  MAAAIN 

ISIA 

10 

IIS 

Sll 

ISAS 

10 

SJO 

SAS 

ISSS 

10 

IISI 

All 

MAS 

10 

1410 

SOS 

MIS 

10 

17J2 

SSS 

MIS 

10 

MAS 

ASA 

IM  AtlXIAfiS*  IX. 


CACfIVifV  OATS  IN  TNOUSANOSI 


AOAT 

PISN 

HUNT 

CANP 

-IMA 

•INA 

-IX 

MIKIX 

-IX 

AIS 

SIS 

110 

A2A 

AAO 

SAA  . 

STI 

IIA 

AAO 

Sll 

AlO 

A2S 

lAA 

SST 

SAS 

ISI 

AIT 

lAI 

•IT 

ASS 

SOI 

SIT 

ITS 

ASA 

IIA 

SSI 

SAS 

lAT 

IIS 

ISA 

AJJ 

AIT 

1st 

•ST 

AAO 

lOSA 

ISA 

110 

SAI 

I02A 

IJAA 

•AA 

111 

IISO 

llAl 

ISAI 

SIS 

JAI 

IIAO 

USA 

IASI 

1000 

JAA 

USA 

USA 

lAOA 

lOSA 

SA« 

lAOT 

lAAl 

JAI 

lOA 

IIT 

AOA 

AAI 

StI 

SAI 

lAO 

AAS 

SSI 

AJS 

SSI 

lAI 

SAI 

ASS 

TAI 

AST 

lAO 

All 

lOA 

ASA 

ATO 

tsr 

AAA 

110 

SOI 

SU 

110 

TSI 

All 

III 

SIS 

lAA 

ATI 

ASS 

SJS 

AIJ 

111 

ISA 

All 

UOA 

TaS 

24S 

SIO 

•SI 

IA2A 

oat 

JOT 

IIIA 

lUI 

ISAS 

SSI 

Ml 

USA 

UAA 

lAAA 

toof 

MT 

UOA 

lISS 

lAI 

ISS 

AO 

lOA 

IIS 

lAO 

202 

SO 

SOS 

SSI 

III 

2AA 

110 

SAA 

AOS 

ASA 

2TA 

tIA 

AIA 

AAI 

StJ 

J02 

US 

ASA 

SOI 

SAt 

SIA 

lAI 

All 

522 

•SI 

TIO 

ISS 

SAS 

ASI 

10J2 

TTA 

IIS 

toil 

Sll 

HAS 

OSI 

ISS 

nil 

SIS 

IJIO 

•lA 

SIA 

HAS 

I02A 

lAlA 

Sir 

SSO 

U2A 

10  lA 

LS2A 

SAN 

SAS 

IMS 

1112 

Ail 

ASI 

ISI 

AAS 

III 

•AS 

SAS 

2S« 

•SO 

ASA 

lOAA 

ASS 

2A0 

SSS 

IOTA 

1120 

TOA 

ISO 

lOSI 

USA 

IJIJ 

IIS 

S2? 

lUS 

uu 

ISII 

OAJ 

ISA 

IIAI 

IA2I 

SI 

IS 

10 

ST 

AA 

AA 

SI 

IS 

AT 

ss 

SA 

JS 

lA 

SO 

ss 

Al 

SA 

If 

SA 

AA 

AT 

SO 

IS 

SO 

AA 

II 

AO 

lA 

AO 

10 

JA« 

IAS 

SA 

SAO 

SAI 

A7A 

SIS 

110 

AO? 

AIS 

Sit 

sso 

IIA 

AAS 

AIA 

AJA 

soo 

ISA 

SOI 

SIS 

TOA 

AIS 

IAS 

SAS 

SAA 

Til 

AAO 

ISA 

STO 

SAS 

lor 

110 

SO 

lAI 

lOA 

SSS 

SAA 

lAA 

ATS 

101 

JIA 

AJA 

lOA 

SSO 

JAA 

AOS 

SIA 

lit 

TOO 

AS? 

700 

SOA 

IAS 

OOA 

Sll 

ISO 

AAS 

ITS 

ASS 

SIT 

TIS 

SSO 

lit 

TOA 

TAI 

OOA 

SSI 

ISO 

TOO 

TAI 

010 

SAS 

ISS 

TIT 

TSS 

SSI 

SSO 

ISS 

TAS 

ITS 

SAT 

SAO 

MS 

1ST 

TAS 

SST 

Sli 

lOA 

TTO 

AOI 

101 

110 

SI 

ISA 

10? 

ISI 

lAO 

lor 

ISO 

IIS 

SIS 

ISA 

III 

AIA 

ISS 

AlO 

SSI 

ISI 

ASS 

SIO 

SOA 

All 

101 

SIO 

JAO 

AOA 

AOA 

Hi 

OOA 

Alt 

ICI 

OOLP» 

MOASf 

MCrCL 

SKAT 

NIM 

MIOINO 

SXHN 

-IX 

OOlP 

TfNMIS 

Si 

SI 

lA 

Tf 

AS 

11 

SA 

IS 

X 

01 

OS 

IDS 

17 

ill 

TO 

lOS 

III 

10 

ISI 

X 

110 

ISS 

II 

IX 

110 

IIT 

lAO 

II 

IX 

no 

IIA 

III 

10 

ISI 

M 

IAS 

Ml 

SI 

IX 

IIS 

lAT 

I2S 

ss 

ISS 

IX 

IIA 

lAA 

SA 

Ml 

IX 

2ST 

IAS 

Al 

IX 

110 

ISi 

ITO 

AS 

SOI 

Ilf 

AS 

TO 

IA| 

OB 

St 

SA 

OS 

ISA 

IX 

X 

AS 

ss 

IIA 

III 

X 

AO 

110 

lOS 

IX 

US 

AO 

tio 

100 

lOT 

IM 

AT 

ilo 

III 

IX 

lAI 

lOS 

lAA 

lA 

III 

TS 

ISA 

IAS 

lA 

ISS 

lOS 

IIS 

ISA 

SI 

lot 

ISO 

III 

IIA 

SA 

110 

IX 

ISS 

lAA 

SO 

ISS 

lOA 

lAO 

ISS 

Al 

loo 

IX 

lA 

SS 

A 

M 

II 

IT 

AT 

0 

X 

SO 

SS 

SA 

1 

X 

ss 

Al 

AS 

■ 

IM 

M 

AO 

AA 

0 

111 

X 

SI 

Tl 

0 

110 

X 

ISA 

ISA 

X 

IX 

X 

lAA 

lAA 

SI 

ISI 

III 

III 

SI 

Ml 

lAO 

ISA 

IIS 

ss 

lAO 

ITO 

ISI 

ISA 

ST 

SX 

IX 

ITA 

IAS 

SO 

MA 

M? 

AA 

110 

II 

ISO 

X 

•A 

lAA 

10 

IX 

110 

lOA 

lAJ 

II 

IIS 

IX 

US 

lAO 

lA 

ISO 

101 

ISS 

1ST 

lA 

lAT 

110 

ISA 

IIS 

It 

SIO 

MS 

s 

0 

1 

0 

S 

s 

T 

1 

II 

T 

s 

0 

1 

IS 

0 

0 
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140 

200 

42 

42 

94 

127 

140 

193 

19 

24 

42 

97 

72 

•4 

40 

90 

114 

141 

210 

277 

11 

90 

79 

100 

124 

192 

IS 

23 

37 

33 

70 

•7 

14 

to 

29 

30 

47 

94 

9 

12 

IT 

29 

29 

99 

24 

44 

•0 

ttl 

147 

192 

24 

97 

43 

49 

194 

104 
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1979 
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1999 
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109 

109 

109 

109 

109 

109 
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440 

914 

99J 

491 

704 

119 

149 

197 

147 

141 

141 

194 

119 

191 

119 

214 

240 

111 

120 

120 

119 

193 

199 

37 

93 

94 
41 
07 
44 

144 

140 

192 

210 

211 

211 

U7 
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224 

229 

17 

14 

1? 

19 

21 

27 

29 

29 

30 

33 
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42 
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92 
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24 
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24 
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CAAI 
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-MING 
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IOTA 

199 

40 

19 

14 

12 

lOAS 

199 

99 

19 

21 

1$ 

iOAS 

199 

101 

22 

24 

19 

1009 

199 

122 

24 

32 

20 

1019 

199 

139 

27 

37 

22 

1019 

199 

199 

29 

42 

24 
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19/4 

140 

12 

3 

3 

3 

1999 

140 

13 

3 

3 

3 

1999 

140 

17 

4 

4 

3 

1009 

140 

19 

4 

9 

3 

1019 

140 

21 

4 

4 

4 

1019 

140 

22 

4 

4 

4 
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99 

110 

39 

33 

31 

1999 

99 

149 

47 

44 

37 

1999 

99 

191 

94 

42 

44 

2009 

99 

224 

43 

79 

32 

2019 

99 

244 

70 

99 

SO 

2029 

99 

299 

79 

103 

44 

AA  UNION 

19/4 

139 

44 

19 

17 

14 

1999 

139 

94 

21 

22 

It 

1999 

1J9 

104 

24 

29 

19 

2009 

139 

122 

24 

34 

22 

2019 

119 

142 

29 

41 

29 

2029 

139 

140 

32 

44 

27 

AA  AAVNC 

1979 

40 

144 

94 

99 

41 

1999 

40 

223 

103 

77 

14 

1999 

40 

304 

130 

109 

93 

2009 

40 

391 

194 

142 

113 

2019 

40 

4  79 

192 

177 

133 

2029 

40 

942 

209 

212 

132 

AA  WYOMING 

1974 

19 

49 

24 

21 

20 

1999 

99 

99 

29 

29 

23 

1999 

99 

99 

32 

33 

23 

2009 

99 

119 

39 

41 

29 

2019 

99 

137 

39 

49 

32 

2029 

99 

190 

41 

94 

34 

AA  YOAA 

1974 

199 

919 

111 

113 

95 

1999 

199 

449 

129 

147 

99 

1999 

199 

7  74 

149 

192 

112 

2009 

199 

999 

140 

219 

129 

2019 

199 

1029 

179 

292 

140 

2029 

199 

1117 

191 

291 

193 
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1974 

27244 

999  3 

9929 

4764 

1999 

34424 

10790 

11714 

9049 

1999 
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12197 

14106 

9216 

2009 

47047 

13444 

14992 

10329 

2019 

92293 

14447 

11404 
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2029 

94910 

19712 

2034  7 
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70 

4244 

1399 

1492 

1072 

1999 

70 

4943 

1921 

1909 

1192 

1999 

70 

9440 

1472 

^113 

1322 

2009 

70 

4279 

1909 

2397 

1447 

2019 

70 

4909 

1924 

2410 

1999 

2029 

70 

7329 

2091 

2927 

1464 

HJ  IftftfX 

1974 

79 

3434 

1179 

1144 

049 

1999 

79 

4090 

1109 

1423 

939 

1999 

79 

4199 

1339 

1971 

967 

2009 

79 

4619 

1392 

1493 

994 

2019 

79 

4904 

1347 

1799 

1019 

2029 

79 

4972 

1399 

1949 

1039 

Mi  NUOftON 

1974 

99 

2204 

793 

714 

913 

1999 

99 

2449 

779 

924 

927 

1999 

99 

2709 

904 

9J4 

393 

2009 

99 

2992 

934 

104  7 

990 

2019 

99 

3194 

971 

1190 

410 

2029 

99 

3393 

904 

1241 

439 
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1974 

49 

440 

194 

191 

133 

1999 

49 

997 

291 

237 

194 

1999 

49 

924 

349 

344 
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2009 

49 
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429 

430 
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2019 

49 

1412 
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944 
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49 
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7 

23 

29 
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4 
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29 

31 

3 
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3 

s 
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0 

t 

10 

33 

39 

6 

S 
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0 
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3i 
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4 

9 

1 

10 

? 

1 

4 

9 

0 
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0 

1 

0 

1 

4 
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0 
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'0 

1 
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3 

* 

0 

1 

• 

1 

1 
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0 

1 

0 

1 

t 
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4 

7 

1 
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0 

1 

1 

2 
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7 
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• 

1 
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13 

44 

49 

s 

9 

1 

7 

1 

19 

93 

94 

4 

10 

2 

9 

3 

19 

49 

64 

7 

11 

2 

12 

7 

21 

73 

74 

9 

13 

2 

14 

9 

24 

92 

93 

11 

13 

2 

IT 

11 

24 

91 

92 

12 

14 

2 

19 

13 

4 

22 

29 

2 

4 

1 

4 

2 

a 

24 

29 

2 
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3 

3 

9 

30 

33 

9 

3 
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7 

4 

10 

33 
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1 
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92 
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14 

3 

14 

7 

29 

99 

90 

17 
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22 

10 

34 
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29 

22 

7 

31 

13 

44 

132 
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29 

27 

0 

99 

20 

91 
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14 

32 

9 

49 

24 

39 

205 
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44 

37 

11 

37 

32 

• 

29 

29 

9 

4 

1 

4 

2 

9 
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4 

1 

3 
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10 

39 
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9 

4 

11 

39 
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1 
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7 
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10 
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9 

92 

17 

49 

169 
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14 

20 

9 

40 

29 

91 

199 
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17 

22 

9 

49 

90 

97 

210 

233 

20 

23 

4 

37 

37 

44 

239 
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29 

29 

4 

43 

44 

70 

236 

293 

29 

30 

4 

73 

31 

2903 

9236 

9212 

1327 

1904 

499 

1942 

1044 

9009 

11024 

10662 

1799 

2169 

994 

2499 

1942 

3449 

12387 

1234V 

2141 

2409 

469 

2999 

1992 

3972 

14102 

13763 

2592 

2690 

792 

9339 

2494 

4291 

13436 

13071 

2939 

2932 

992 

4004 

2940 

4996 

16676 

16214 

3239 

9172 

997 

4403 

3170 

392 

1429 

1431 

200 

299 

67 

244 

140 

437 

1399 

1607 

242 

303 

49 

912 

203 

494 

1761 

1779 

299 

329 

91 

397 

244 

930 

1929 

1946 

927 

340 

94 

999 

293 

969 

2072 

2091 

940 

399 

40 

492 

913 

410 

2219 

2237 

999 

413 

44 

444 

349 

244 

1131 

1169 

144 

244 

40 

191 

121 

294 

1249 

1261 

199 

237 

41 

291 

139 

303 

1299 

1299 

212 

234 

41 

292 

179 

311 

1323 

1332 

224 

241 

42 

249 

199 

917 

1331 

1399 

299 

243 

42 

291 

210 

324 

1379 

1399 

249 

270 

41 

292 

222 

219 

799 

704 

9% 

149 

23 

132 

74 

220 

919 

719 

104 

143 

24 

130 

91 

291 

960 

732 

117 

147 

24 

147 

107 

243 

902 

799 

131 

134 

23 

194 

123 

299 

969 

929 

149 

142 

24 

199 

141 

147 

993 

967 

137 

149 

27 

212 

133 

90 

174 

192 

31 

37 

10 

40 

19 

49 

243 

211 

47 

49 

13 

00 

32 

93 

329 

299 

70 

44 

17 

03 

40 

117 

410 

399 

92 

79 

22 

109 

43 

139 

494 

419 

112 

94 

29 

191 

00 
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499 
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109 

29 

134 

94 
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40 
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40 
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40 

2009 

40 
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40 
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40 
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19  K 

129 
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1995 
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2009 
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2019 
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90 

1919 

90 

90 
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1974 

129 
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2009 
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40 
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40 
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40 
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1974 

20 
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20 
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474 

927 

2709 
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940 

MU 

•  11 

1129 

440 

2901 

•  19 

•11 

427 

1299 

loot 

1140 

744 

i992 

1172 

1410 

497 
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1299 

1440 

1011 
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1924 

1499 

1120 

S941 

1990 
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1224 

1149 

199 

147 

244 

1741 

910 

911 
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901 

471 

414 

2994 

941 
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472 

2441 
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911 

929 
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loot 
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2904 
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441 
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no 
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19 
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V.A.  OVERVIEW  AND  INTRODUCTION 


The  essential  purpose  of  Chapter  V  la  to  provide  a  review  of  the  present 
electric  power  situation  in  the  previously  defined  electric  power  service 
area,  which  includes  the  Delaware  River  Basin,  and  to  evaluate  future 
electric  power  development  in  the  electric  service  area.  One  of  the 
primary  outputs  of  this  chapter  will  be  to  determine  the  consumptive 
water  uses  by  power  plants  which  are  located  in  the  Delaware  River  Basin. 


Beginning  in  mld-1973  and  continuing  to  the  present  day,  a  number  of 
developments  are  having  significant  effects  on  the  energy  sector  as  a 
whole  and  on  the  electric  power  industry  in  particular.  Some  of  the 
developments  affecting  the  electric  power  situation  are: 

•  Natural  gas  and  oil  prices  have  increased  two-to-four  fold 
and  often  these  fuels  are  not  available  for  power  plant 
boilers. 

•  Increasing  pressures  by  nuclear  power  plant  intervenors, 
plus  serious  questioning  of  the  nuclear  option  by  public 
and  political  leaders,  mean  that  the  future  of  nuclear 
power  is  uncertain. 

•  Increasingly  stringent  environmental  regulations  and  land 
use  controls  are  severely  limiting  the  locations  where 
new  generating  facilities  of  all  types  can  be  placed. 

•  Nuclear  plant  licensing  problems  and  the  financial  problems 
of  the  electric  utilities  in  general  have  combined  to 
significantly  delay  the  construction  of  many  nuclear  plants 
originally  scheduled  for  operation  during  the  next  10  years. 
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•  Potentially  significant  changes  In  the  factors  which  Influence 
electricity  demand  are  making  it  extremely  difficult  to 
forecast  the  future  need. 

The  above  factors  are  causing  both  short  and  long  term  dislocations  in 
the  attempts  to  plan  for  the  orderly  development  of  electric  power.  If 
anything,  the  pressures  are  becoming  more  intense,  and  the  future  is 
becoming  more  uncertain.  The  electric  service  area  (ESA),  defined  in 
Chapter  I  and  shown  in  Figure  1,  is  not  immune  from  any  of  these  pressures. 

Wide  ranges  of  uncertainty  exist  in  the  variables  which  effect  the  future 
power  situation  in  the  electric  service  area;  therefore,  the  approach 
taken  in  the  analyses  which  follow  is  to  evaluate  potential  options  for 
the  future  development  of  electric  power.  For  example,  to  determine  power 
plant  water  consumption  at  a  future  time,  it  is  first  necessary  to  know 
what  the  power  demand  will  be  at  that  time,  what  types  of  power  generat¬ 
ing  facilities  and  cooling  methods  will  be  used  to  satisfy  the  demand, 
and  where  these  plants  are  located. 

Because  of  the  dynamically  changing  situation  occurring  in  the  United 
States  and  the  service  area,  it  is  not  possible  to  predict  exact  rela¬ 
tionships  among  the  demand,  supply,  and  siting  variables.  Therefore,  it 
is  necessary  to  investigate  how  each  could  vary  as  a  consequence  of 
governmental  and  public  pressures.  An  Important  objective  of  this 
chapter,  then,  is  to  characterize  the  options  which  are  available  for 
future  power  development  in  the  service  area. 
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To  achieve  this  objective.  It  Is  necessary  to  define  and  evaluate  the 
different  strategies  which  support  the  options.  The  basic  options,  or 
scenarios,  have  been  defined  which  reflect  the  range  of  uncertainty 
relating  to  the  variables  of  power  demand,  power  supply,  and  plant  siting 
The  future  policies,  decisions  and  Institutional  constraints  which  are 
Implemented  by  federal  and  state  regulators  will  determine  which  option, 
or  close  alternative,  is  carried  out. 

The  Intent  is  to  define  and  conceptually  evaluate  what  are  considered  to 
be  the  potentially  viable  "electric  future"  options  (scenarios)  for  the 
electric  service  area. 


The  basic  ones  which  have  been  Identified  are: 

Scenario  A~l;  This  scenario  Is  characterized  by  a  probable  high  power 
demand  forecast  In  the  electric  service  area  (ESA),  an  emphasis  on  using 
nuclear  power  plants  as  the  main  source  of  supply,  and  probable  high 
siting  (30  percent  of  year  2000  capacity)  of  the  supply  In  the  Delaware 
River  Basin  (DRB)  with  the  remaining  supply  being  assigned  to  the  other 
ESA  sub-regions. 

Scenario  A-2:  Same  as  A-1,  except  that  It  Is  based  on  probable  low  sltln 
(15  percent  of  year  2000  capacity)  of  the  supply  in  the  DRB. 

Scenario  B-1:  This  scenario  Is  characterized  by  a  probable  low  power 
demand  forecast,  an  emphasis  on  using  nuclear  power  plants  as  the  main 
source  of  supply,  and  probable  high  siting  (30%)  of  the  supply  In  the 
DRB  with  the  remaining  supply  being  assigned  to  the  other  ESA  sub-regions 


■ 
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Scenario  B-2;  Same  as  B-1,  except  that  it  is  based  on  probable  low  siting 
(15%)  of  the  supply  in  the  DRB. 

Scenario  C-1;  This  scenario  is  characterized  by  a  probable  high  power 
demand  forecast,  a  primary  reliance  on  non-nuclear  power  generation  as 
the  main  source  of  supply,  and  probable  high  siting  (30%)  of  the  supply 
In  the  DRB  with  the  remaining  supply  being  assigned  to  the  other  ESA 
sub-regions. 

Scenario  C-2:  Same  as  C-1,  except  that  it  is  based  on  probable  low 
siting  (15%)  of  the  supply  in  the  DRB. 

Scenario  D-1;  This  scenario  is  characterized  by  a  probable  low  power 
demand  forecast,  a  primary  reliance  on  non-nuclear  power  generation  as 
the  main  source  of  supply,  and  probable  high  siting  (30%)  of  the  supply 
in  the  DRB  with  the  remaining  supply  being  assigned  to  other  ESA  sub- 
regions. 

Scenario  D-2;  Same  as  D-1,  except  that  it  is  based  on  probable  low  siting 
(15%)  of  the  supply  in  the  DRB. 

In  addition  to  evaluating  the  eight  scenarios  described  above,  a  "probable" 
(subjective)  scenario  has  been  developed.  This  is  not  intended  as  a  pre¬ 
diction  of  future  power  development  in  the  ESA.  It  serves  mainly  as  a 
basis  for  making  the  probable  power  plant  water  consumption  estimates 
needed  in  Chapter  III.  This  "subjective"  scenario  is  based  on  the  se¬ 
lection  of  intermediate  values  between  the  extremes  of  the  power  demand, 
power  supply,  and  plant  siting  variables.  It  is  viable  only  if  the  ESA 
planners  and  decision-makers,  acting  on  behalf  of  public  Interests,  decide 
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that  ie  Is  the  one  i^lch  represents  desired  objectives.  The  same  consid¬ 
eration  holds  for  each  of  the  other  scenarios  listed  above,  or  other 
"probable"  scenarios  which  could  be  developed. 

For  each  scenario,  future  power  plant  water  demand  calculations  can  be 
made  with  a  relatively  high  degree  of  accuracy  because  the  variables 
affecting  water  demand  have  been  fixed  in  each  case.  Variations  within 
the  scenarios  briefly  described  above  will  be  considered;  for  example, 
the  effects  on  water  consumption  based  on  different  assumptions  as  to 
the  future  once-through/coollng  tower  mix  will  be  evaluated. 

In  defining  the  scenarios,  every  care  has  been  taken  to  assure  their 
realism.  The  political  and  technical  assumptions  which  are  the  basis 
for  each  one  can  be  implemented  provided  the  necessary  actions  are  taken. 
By  analyzing  future  electric  power  development  as  outlined  above,  the 
different  results  of  following  different  strategies  are  clearly  illus¬ 
trated.  In  this  report,  the  following  outputs  are  derived  for  each 
scenario: 

•  The  types  and  quantities  of  electric  energy  conversion 
facilities  which  satisfy  a  given  power  demand  level. 

•  The  locational  distribution  of  such  facilities  within 
the  ESA  on  a  sub-regional  basis. 

•  The  quantities  of  water  consumed  as  related  to  the  types 
of  cooling  systems  used. 

The  approach  described  In  the  preceding  discussion  and  the  analyses  in 
the  following  sections  answer  to  the  electric  power  Scope  of  Work 
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(Section  3. a. 6)  for  the  comprehensive  review.  Portions  of  Section  3. a. 6 
are  repeated  below  for  convenience: 

"The  locks  Island  Lake  Project  Is  related  to  electric  power  needs 
of  the  Pennsylvania,  New  Jersey  and  Maryland  Interconnection  market 
area  to  an  extent  greater  than  would  be  Indicated  by  the  relatively 
minor  conventional,  at  site  generating  capacity  involved.  Data 
will  be  prepared  on  present  supply  and  estimated  future  electric 
power  requirements  for  the  period  of  analysis,  including  the  effects 
of  existing  and  planned  capacity  additions  with  consideration  of 
the  federal,  EPA,  state  electric  guidelines  and  the  FWPCA  PL92-500 
in  evaluating  power  plant  location  and  water  consumption.  Probable 
high,  probable  low  and  most  probable  series  will  be  developed  re¬ 
flecting  the  contractor's  judgement  of  practical  policies  which 
could  achieve  reduced  levels  of  demand.  Including  the  effect  of 
price  on  elasticity  of  demand  for  electric  power.  From  estimates 
of  the  most  probable  future  levels  of  power  requirements  and 
probable  or  known  thermal  plant  locations,  both  fossil  fueled  and 
nuclear,  estimates  of  potential  cooling  water  needs  will  be 
developed.  Consideration  will  be  given  to  the  effect  on  needs  of 
high  and  low  rates  of  water  use  for  energy  production  and  to  pos¬ 
sible  restrictions  on  once-through  cooling  and  the  consequent  use 
of  alternative  processes,  including  analysis  of  availability  of 
out-of-basin  sites  for  generation..." 
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Time  period  being  addressed  In  evaluating  future  electric  power  needs. 

Future  power  demand  options,  the  expected  results  of  research  and 
development  on  new  generation  technology,  and  the  approach  for  siting 
the  new  generation  can  be  reasonably  defined  during  the  period  1975  - 
2000;  thus,  objective  evaluations  of  alternative  power  development  stra¬ 
tegies  can  be  made.  There  Is  speculation  involved  to  some  degree,  but 
the  range  of  uncertainty  can  be  dealt  with  in  a  quantitative  manner. 

However,  during  the  period  2001  to  2025,  the  demand,  supply  and  siting 
variables  are  unknown  quantities.  For  example,  commercial  development 
of  fusion  occurs  around  2000  and  ^  large  scale  solar  thermal  plants 
become  a  reality,  these  two  successes  in  themselves  would  significantly 
change  the  demand-supply-siting  relationships  presently  being  contemplated 
during  the  1975-2000  frame.  In  other  words,  a  more  abundant  supply  could 
allow  the  demand  growth  rate  to  Increase  above  previous  levels,  while 
the  siting  methods  for  these  advanced  technologies  could  be  very  dif¬ 
ferent  than  those  being  used  now.  Thus,  quantitative  evaluations  of 
future  power  development  in  the  electric  service  area  during  2001  to 
2025  would  be  extremely  speculative,  and  it  is  concluded  that  for  the 
purposes  of  this  study;  l.e.,  investigating  the  existence  of  one  or 
more  viable  alternatives  to  the  Tocks  Island  Lake  Project,  that  25  year 
quantitative  evaluations  are  apprt^riate. 


V.B.  SUMMARY  OF  CHAPTER 


The  existing  power  situation  In  the  electric  service  area  (ESA),  Figure 
1,  has  been  examined.  Present  and  past  power  demand  trends  have  been  an¬ 
alyzed,  and  Inventories  of  existing  power  projects  have  been  prepared 
using  maps  and  tables. 

The  present  power  demand  (1974  summer  peak)  was  about  31,900  MWe  for  the 
electric  service  area  (see  Table  5-l)  representing  an  approximate  6.0% 
decrease  from  the  1973  summer  peak.  This  sudden  decrease  followed  a  nine 
year  period  during  which  the  average  annual  growth  rate  was  about  8.0%, 
and  can  be  attributed  to  a  combination  of  milder  weather,  electricity 
price  Increases,  conservation  measures  taken  in  response  to  the  energy 
crisis,  and  possibly  the  general  economic  slowdown. 

The  existing  power  supply  in  the  ESA,  as  of  December  1974,  consists  of 
about  44,000  MWe,  with  about  23%  of  this  being  In  the  Delaware  River 
Basin  (DRB) .  Of  the  total  capacity  within  the  ESA,  the  breakdown  by 
plant  type  Is  nuclear  (10%),  fossil-steam  (65%),  gas  turbines  and  diesels 
(20%),  conventional  hydro  (3%)  and  pumped  storage  (2%).  A  large  proportion 
of  the  capacity  in  the  ESA  (and  DRB)  is  presently  supplied  by  gas  turbines, 
which  require  natural  gas  or  fuel  oil.  Approximately  70%  of  the  fossil 
plant  capacity  in  the  DRB  is  oil-fired,  whereas  greater  than  70%  of  the 
fossil  plant  capacity  In  the  Susquehanna  River  Basin  (SRB)  is  coal-fired. 
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Figures  2  and  3  show  plant  characteristics  and  locations  for  existing 
nuclear,  fossil,  hydroelectric  and  pumped  storage  in  the  DRB  and  SRB. 


Load  forecasts  made  in  1971  and  early  1974  by  the  Delaware  River  Basin 
Electric  Utilities  Group  (DRBEUG)  indicated  that  the  expected  future 
growth  rate  is  lower  than  previous  projections,  (see  Figure  5).  DRBEUG 
represents  the  major  portion  of  the  plant  resource  mix  in  the  electric 
service  area.  Figures  6  and  7  show  plant  characteristics  and  locations 
for  planned  installation  by  1988  of  nuclear,  fossil,  hydroelectric,  and 
pumped  storage  units  in  the  DRB  and  SRB. 

Potential  scenarios  for  future  power  development  in  the  electric  service 
area  have  been  defined  and  conceptually  evaluated.  These  scenarios 
are  Intended  to  bridge  the  range  of  uncertainty  which  apply  to  future 
power  demand,  power  supply,  plant  siting,  and  the  consumption  of  water 
due  to  power  generation.  Each  is  based  on  an  explicit  set  of  assumptions 
and  considerations. 

Future  "probable  high"  and  "probable  low"  power  demand  options  have  been 
estimated  independently  of  past  demand,  and  have  taken  into  account  the 
potential  effects  of  future  population  growth,  economic  growth,  personal 
income  growth,  peak  demand  price  Increases,  constraints  relating  to 
future  power  supply,  potential  electrification  of  end  uses  presently 
depending  on  fossil  fuels,  and  conservation  measures.  As  shown  on  Figure 
4,  the  probable  high  and  probable  low  peak  demands  in  2000  are  estimated 
to  be  about  138,500  MUe  and  65,600  MWe,  respectively. 
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Two  different  future  power  plant  resource  mix  options  have  been  concep¬ 
tually  evaluated  for  each  of  the  demand  options.  One  resource  mix  option 
basically  assumes  that  most  of  the  new  generation  added  between  1975-2000 
Is  nuclear,  while  the  other  assumes  that  a  nuclear  slowdown  occurs  and 
much  of  the  new  generation  Is  non-nuclear.  Both  options  take  account  of 
advanced  energy  conversion  alternatives,  with  each  showing  a  different 
emphasis  on  how  the  future  resource  mix  could  utilize  the  emerging  alter¬ 
natives.  The  R  &  D  status  of  the  advanced  technologies  have  been  eval¬ 
uated  so  that  projections  as  to  their  expected  commercial  availability 
could  be  made. 

Four  scenarios  are  created  In  combining  the  two  demand  options  and  the 
two  supply  options.  Two  basic  siting  options  have  been  used  with  each, 
creating  a  series  of  eight  scenarios.  One  siting  option  is  based  on  a 
"probable  high  siting"  (30%  of  ESA  capacity  in  2000  Is  in  DRB)  of  future 
power  plants  in  the  DRB,  and  the  other  is  based  on  a  "probable  low  siting" 
(15%  of  ESA  capacity  in  2000  is  in  DRB)  of  future  plants  in  the  DRB. 

These  siting  options  enclose  the  present  siting  trend  in  the  DRB  (23%  of 
present  ESA  capacity  is  in  DRB).  The  effects  of  EPA's  new  power  plant 
effluent  limitations  on  water  consumption  have  also  been  examined  within 
each  of  the  eight  scenarios.  The  eight  scenarios  are  depicted  by  Tables 
5-10  to  5-17 f  and  the  explicit  assumptions  and  considerations  upon  which 
each  is  based  are  in  the  text.  Each  table  provides  the  following  summary 
information: 

•  The  power  demand  option  being  used. 
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0  How  the  resource  mix  option  is  structured  to  meet  the  demand. 

•  The  portions  of  the  resource  mix  in  the  DRB  and  other  regions 
of  the  ESA. 

•  The  projected  water  evaporation  resulting  from  thermal  power 
plant  operation  in  the  QRB. 

•  The  approximate  number  of  thermal  power  plant  sites  needed  in 
the  DRB. 

The  scenarios  range  from  "no  electrical  growth"  in  the  DRB  to  "high 
electrical  growth".  The  "no-growth  cases"  are  Illustrated  by  B-2  and 
D-2  (low  power  demand  growth,  essentially  no  additional  siting  in  the 
DRB) ,  and  the  "high  growth"  cases  are  illustrated  by  A-1  and  C-1  (high 
power  demand  growth,  Increased  siting  in  the  DRB  compared  to  present 
trend).  The  other  four  scenarios  (A-2,  B-1,  C-2,  and  D-1)  represent  in¬ 
termediate  pictures  of  potential  power  development  within  the  ESA. 

In  addition  to  the  above,  a  "probable"  (subjective)  scenario  has  been 
developed  by  Integrating  various  features  of  the  basic  eight.  This  is 
only  one  of  many  which  could  be  called  "probable"  scenarios,  and  it  is 
merely  one  estimate  of  electric  power  development  in  the  electric  service 
area.  Again,  the  future  constraints  imposed  by  regulators  and  legislators, 
acting  on  behalf  of  the  public,  will  establish  which  scenario  is  to  be 
followed. 

Each  scenario  represents  a  strategy  for  future  power  development,  and 
each  is  based  primarily  on  proven  technology  and  technologies  expected 
to  be  available  during  1975-2000.  New  energy  conversion  technologies 
are  included  only  when  they  are  reasonably  far  enough  along  in  research 
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and  development  that  near  future  availabilities  are  highly  likely.  Thus, 
the  choice  of  one  scenario  over  another  will  not  be  based  on  technical 
constraints;  rather,  it  will  be  based  on  a  variety  of  essentially  non- 
terhnological  Inputs  to  the  decision  making  process  (such  as,  socio¬ 
economic,  environmental,  and  political  factors). 


Based  on  the  evaluations  of  this  chapter,  a  number  of  observations 
and  conclusions  can  be  made  as  to  the  electric  service  areas  resource 
needs  in  the  future: 

•  Future  power  demand  will  be  influenced  by  causal  factors  which 
probably  will  not  be  representative  of  the  past  demand. 
Therefore,  future  demand  needs  to  be  analyzed  essentially 
Independent  of  past  demand  trends.  There  Is  reason  to  believe 
that  1974  represented  a  significant  turning  point  in  the 
growth  of  power  demand  as  a  result  of  emerging  conservation 
policies,  increasing  costs  of  electricity  and  competing  fossil 
fuels,  and  other  factors. 

•  It  Is  generally  within  the  power  of  federal  and  state  legisla¬ 
tors  and  regulators  to  set  constraints  and  standards  which 
will  have  the  effect  of  producing  the  results  shown  In  any 

of  the  scenarios.  Methods  for  controlling  future  power  demand 
are  available.  Concerted  action  to  adopt  the  philosophy 
of  one  resource  mix  option  or  the  other  would  provide  a  plant 
mix  that  could  be  expected  to  meet  the  chosen  power  demand. 

A  siting  program  in  the  ESA  for  the  future  plant  mix  could 
be  developed  in  an  optimum  manner  to  balance  utilization 
of  the  region's  natural  resources. 

•  The  future  electric  energy  health  of  the  electric  service  area 
(as  defined),  or  a  similarly  sized  area  which  is  not  based 

on  artificial  or  political  boundaries,  will  be  better  assured 
if  electric  development  is  planned  for  the  area  as  a  whole, 
rather  than  for  arbitrary  sub-areas  on  a  piecemeal  basis. 

•  Future  power  plant  water  consumption  in  the  DRB  is  obviously 
highly  sensitive  to  the  demand,  supply,  siting,  and  cooling 
variables.  For  example.  Scenario  A-1  (high  power  demand,  a 
nuclear  dominant  resource  mix,  a  relatively  large  portion 

of  the  mix  located  in  the  DRB)  and  stringent  implementation 
of  EPA's  power  plant  effluent  limitations  lead  to  a  projected 
high  water  consumption  of  about  540  cfs  in  the  DRB  by  2000. 
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Liberal  Implementation  of  these  limitations  (or  change 
In  the  law)  could  lead  to  a  projected  high  water  consump¬ 
tion  under  Scenario  A^l  of  about  400  cfs.  On  the  other 
hand.  Scenario  A-2  (high  demand,  nuclear  dominant  resource 
mix,  and  a  relatively  low  portion  of  the  mix  located  In 
the  DRB)  and  stringent  Implementation  of  EPA's  power  plant 
effluent  limitations  lead  to  a  lower  projected  water  con¬ 
sumption  of  about  260  cfs  in  the  DRB  by  2000. 

e  In  addition  to  providing  the  potential  for  further  pumped 
storage  development  In  the  DRB,  constructing  the  locks 
Island  reservoir  would  provide  the  potential  for  locating 
more  thermal  power  plants  In  the  DRB  than  ml^t  be  the 
case.  This  result  Is  obtained  because  the  reservoir 
would  provide  flow  augmentation  to  make  up  for  evapo¬ 
rative  water  losses  from  the  additional  once-through  and 
cooling  power  systems  In  the  basin. 

The  "1-serles"  scenarios  show  the  case  of  an  Increased 
rate  of  siting  In  the  DRB  In  comparison  to  the  present 
trend,  and  the  "2-serle8"  scenarios  show  the  case  of  a 
decreased  rate  of  siting.  The  "1-series"  could  Illustrate 
the  power  plant  siting  situation  with  the  reservoir,  and 
the  "2-8erle8"  could  illustrate  the  situation  with¬ 
out  It.  However,  it  should  be  pointed  out  that  in 
the  event  Tocks  Island  reservoir  is  not  constructed, 
utilities  can  still  site  additional  facilities  In  the 
DRB  by  building  storage  reservoirs  at  Individual  plant 
sites  to  provide  flow  augmentation  for  the  Delaware 
River  and  tributaries.  The  cost  of  such  reservoirs  would 
be  high  and  could  potentially  cause  significant  overall  en¬ 
vironmental  effects  . 


a  New  peak  power  facilities  are  needed  in  all  the  scenarios. 
As  of  1975,  nearly  all  of  the  peak  power  needs  are  sup¬ 
plied  by  gas  turbines.  There  are  great  uncertainties  as 
to  whether  or  not  fuel  oil  will  be  available  In  the 
future  for  operating  these  existing  facilities,  much 
less  new  ones.  In  general,  there  appears  to  be  no  valid 
basis  for  expanding  the  already  over-developed  gas 
turbine  capacity.  Specifically,  the  peak  power  alter¬ 
natives,  Including  gas  turbines,  to  the  proposed  1300  MUe 
Klttatlnny  Pumped  Storage  project  are  evaluated  In 
Chapter  XIV. 
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V.C.  PRESENT  POWER  SITUATION  IN  THE  ELECTRIC  SERVICE  AREA 


V.C.l  PRESENT  POWER  DEMAND 

The  electric  service  area  (ESA)  has  been  defined  in  Chapter  T,  and 
consists  of  the  Pennsylvania  -  New  Jersey  -  Maryland  Interconnection 
(PJM)  plus  three  New  York  utilities.  Figure  1  shows  the  ESA  and  sub- 
regions  which  are  used  in  subsequent  analyses.  Utilities  must  add  new 
capacity  to  cover  Increases  in  the  peak  demand;  consequently,  one  emphasis 
in  Chapter  V  is  to  examine  the  present  and  future  peak  demand  situation. 
One  can  examine  peaks  using  energy  demand  (kilowatt  hours)  or  capacity 
demand  (kilowatts),  or  both.  Capacity  demand  has  been  chosen  as  the 
vehicle  in  these  analyses  because  utilities  must  install  new  capacity 
to  meet  future  peak  demand.  For  example,  if  the  power  demand  in  an 
area  is  15,000,000  kw  (or  15,000  MW),  one  can  think  of  this  demand  as 
being  supplied  by  15  plants,  each  of  which  has  a  capacity  of  1000  MW 
and  is  operating  at  full  load.  The  energy  produced  by  these  15  plants, 
if  operated  for  one  hour  at  full  load  would  be  15,000,000  kwh. 

Table  5-1  shows  the  growth  in  summer  peak  demand  for  the  electric  service 
area  from  1964  through  1974.  The  peak  demand  Increased  from  about 
16,630  MIV  in  1964  to  about  33,850  MW  in  1973,  and  then  decreased  to  about 
31,940  in  1974.  The  nearly  6%  decrease  in  demand  experienced  from  summer 
of  1973  to  summer  of  1974  is  at  least  in  part  due  to  conservation 
techniques  initiated  in  late  1973.  The  average  annual  growth  rate  during 
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the  nine  year  period  1964  to  1973  was  8.2Z,  but  during  the  nine  year 
period  1965  to  1974  It  was  6.7Z.  Thus*  1974  was  Indeed  an  Important 
Juncture  point  for  power  demand.  The  question  now  Is  whether  future 
power  demand  will  again  soon  restuM  the  historic  high  growth  rate,  or 
whether  the  decrease  In  1974  truly  marks  the  beginning  of  a  future  period 
of  much  lower  growth  rates.  One  Important  purpose  of  this  chapter  will 
be  to  investigate  future  power  demands  in  the  ESA  as  a  consequence  of 
many  forces  acting  to  decrease  the  rate  and  some  acting  to  Increase  it. 

The  latest  complete  data  obtainable  from  the  Federal  Power  Commission 
(FPC,  1974)  show  that  the  PJM  system  (95Z  of  the  ESA)  was  a  net  importer 
of  electric  energy  In  1973.  A  net  of  about  3  billion  kwh  of  the  152 
billion  kwh  consumed  within  PJM  were  imported,  primarily  from  New  York 
and  Maryland  utilities.  In  terms  of  total  amounts,  about  12  billion 
kwh  were  Imported,  9  billion  kwh  were  exported,  and  149  billion  kwh 
were  generated  by  PJM  plants. 

Although  an  estimated  80  to  85  percent  of  the  New  York  State  Electric 
&  Gas  Corporation  service  area  is  within  the  ESA,  as  defined  for  the 
purposes  of  this  study.  It  was  assumed  that  this  utility's  entire  peak 
demand  is  part  of  the  ESA  demand  since  information  is  not  readily  avail¬ 
able  to  make  an  accurate  breakdotm. 

As  a  basis  for  evaluating  the  existing  power  demand  In  the  ESA,  the 
end  of  1974  was  arbitrarily  defined  as  "the  present" 
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point  In  time.  Detailed  information  regarding  both  peak  load  demand, 
as  well  as  generating  capacity  within  the  ESA  are  being  updated  by  the 
various  utilities  to  Include  the  December  31  date.  Since  the  following 
evaluations  are  based  on  estimates  of  the  present  power  demand  and 
capacity,  they  will  be  reviewed  to  incorporate  any  further  information 
which  may  affect  conclusions  of  this  study. 

V.C.2  PRESENT  POWER  SUPPLY 

The  existing  power  supply  in  the  electric  service  area  consists  of 
nuclear,  fossil,  gas  turbine,  hydroelectric,  and  pumped  storage  plants. 

The  breakdown  of  plant  types  by  sub-region  of  the  electric  service  area 
is  shown  in  Tables  5-2,  5-3,  and  5-4.  Table  5-2  shows  the  plant  dis¬ 
tribution  for  the  total  electric  service  area  (ESA),  Table  5-3  shows 
the  distribution  for  the  Pennsylvania  -  New  Jersey  -  Maryland  (PJM) 
Interconnection  portion  of  ESA,  and  Table  5-4  shows  it  for  the  three 
New  York  utilities  portion  of  ESA.  Thus,  Table  5-2  is  the  sum  of  Tables 
5-3  and  5-4. 

The  tables  reflect  the  power  generating  resources  as  of  December  31,  1974. 
It  can  be  seen  that  nearly  all  of  the  existing  ESA  capacity  is  located 
in  the  PJM  service  area.  Several  references  which  were  prepared  during 
1974  and  1975  were  used  to  prepare  these  tables.  The  references  used 
are: 

Master  Siting  Study,  DRB,  May  1974 
Master  Siting  Study,  SRB,  March  1974 

V-IA 


Table  5-1 


Table  5-2 


(2)  But  located  within  URB  or  SRB. 
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Table  5-3 


Table  5-4 


Power  System  Statement,  Federal  Power  Commission,  Dec  1973 
New  Jersey  Master  Siting  Plan,  Jan  1975 
Federal  Power  Commission  News,  Nov  1974 

I 

Member  Electric  Corporatlofas  of  the  Mew  York  Power 
Pool  and  the  Empire  State  Electric  Energy  Research  Corp. , 

April  1974 

I 

Due  to  the  uncertainty  in  predicting  when  new  plants  go  on-line  commer¬ 
cially,  and  older  equipment  would  be  retired  or  derated,  the  tabulated 
capacities  are  approximate.  Hence,  when  the  utility  companies  finalize 
and  make  available  their  own  detailed  inventories,  it  Is  likely  that 
the  resource  mixture  and  total  capacities  would  be  modified  slightly  from 
those  Indicated  In  the  tables. 

Figure  1  shows  the  approximate  boundaries  of  the  ESA  together  with 
geographic  subregions  used  in  the  tables.  The  boundaries  of  the  first 
two  subregions,  the  Delaware  River  Basin  and  the  Susquehanna  River 

Basin  (SRB),  are  essentially  the  same  as  those  presented  In  the  Master 
Siting  studies  for  these  Basins.  The  third  subregion,  the  Coast,  Is 
noted  on  the  scenario  location  maps  and  Is  defined  as  the  portions  of 
the  ESA  located  east  of  the  Delaware  Basin  plus  the  Delmarva  Peninsula. 
The  coastal  subregion  also  Includes  offshore  areas  suitable  for  proposed 
floating  nuclear  Installations,  and  much  of  the  brackish  water  portion 
of  the  Delaware  Bay  estuary. 

The  fourth  subregion  used  In  the  tables  is  defined  as  "other"  and 


simply  consists  of  generating  capacity  witt^Ln  the  ESA  not  assigned  to 
the  preceding  three  subregions.  This  subregion  accounts  for  roughly  27 
percent  of  the  total  estimated  capacity  in  the  ESA.  Nearly  three  fourths 
of  this  27  percent  is  provided  by  the  Baltimore  Gas  and  Electric  and 
Potomac  Electric  Power  Companies  In  Haryland,  both  of  which  are  In  PJM. 

It  should  be  noted  that  since  roughly  90  percent  or  more  of  the  Baltimore 
Gas  and  Electric  Company  service  area  Is  In  the  "other"  subregion,  its 
entire  generating  capacity  has  been  assigned  to  this  subregion. 

The  fifth  subregion  Is  referred  to  as  "unasslgned"  and  consists  of 
generating  capacity  within  both  the  Delaware  and  Susquehanna  River  Basins 
for  which  there  was  not  enough  Information  available  to  accurately  locate 
the  plants.  This  subregion  Includes  roughly  4  percent  of  the  estimated 
total  ESA  generating  capacity  and  approximately  30  percent  of  this 
consists  of  the  various  utility  company  allotments  from  the  Conemaugh 
and  Keystone  plants. 

V.C.3  PRESENT  POWER  PLANT  LOCATIONS 


The  tables  and  maps  on  Figures  2  and  3  summarize  the  existing  power 
plants  as  of  early  1975  reported  by  the  utilities  operating  In  the 
Delaware  and  Susquehanna  River  Basins.  Existing  plants  are  listed  with 
an  Index  to  the  map  Indicated  In  "lower  case"  letter  and  appropriate 
numbers,  with  fossil  (f),  nuclear  (n) ,  hydro  (h)  and  pumped 
storage  (ps)  Identified. 
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Figure  V-2  (cont'd.) 


existing  power  plants  in  the  DELAWARE  RIVER  BASIN^/(AS  OF  EARLY  1974) 


Electrical 


Type  Number 

Name 

(owner) 

Capacity 

MW 

Max.  Heat 
Prod.  MW^ 

Fossil  Steam 

(f)  Series 

1 

Portland 

GPU 

404 

511 

2 

Martins  Creek 

PPL 

300 

473 

3 

Gilbert 

GPU 

113 

249 

4 

Mercer 

PSEG 

600 

751 

5 

Burlington 

PSEG 

418 

468 

6 

Richmond 

PhE 

409 

706 

7 

Delaware 

PhE 

330 

427 

8 

Southwark 

PhE 

369 

527 

9 

Eyler 

GPU 

51 

142 

10 

Titus 

GPU 

234 

323 

11 

Cromby 

PhE 

357 

504 

12 

Barbadoes 

PhE 

134 

296  avg 

13 

Schuylkill 

PhE 

299 

423 

14 

Eddystone 

PhE 

662 

761 

15 

Greenwich 

ACE 

16 

Chester 

PhE 

202 

576 

17 

Edge  Moor 

DMV 

791 

1074 

18 

Deepwater 

ACE 

274 

468 

19 

Delaware  City 

DlUV 

120 

168 

20 

Vineland 

CVNJ 

67 

101 

21 

McKee  Run 

CDD 

34 

51 

Sub-total 

bT55 - 

893F 

Hydro 

(h)  Series 

1 

Swinging  Bridge 

ORU 

12 

— 

2 

Mongaup 

ORU 

4. 

— 

3 

Rio 

ORU 

10. 

4 

Wallenpaupack 

PPL 

44. 

— 

5 

Grahamsvllle 

ORU 

18. 

Sub-total 

88 

Pumped  Storage 

ps 

Yards  Creek 

PSEG 

330 

GPU 

Total 

6586 

8999 

1/  Identified  by  utilities  operating  In  the  basin  1974 
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Figure  V-3  (cont'd.) 

EXISTING  POWER  PLANTS  IN  THE  SUSQUQiANNA  RIVER  BASIN^^CAS  OF  EARLY  1974) 

Electrical 


Type 

Number 

Name 

(Owner) 

Capacity 

MW^ 

e 

Max.  Heat 
Prod.  MW^ 

Fossil  Steam 

(f)  Series 

1 

Jennlson 

NYSEG 

76 

176 

2 

Goudley 

NYSEG 

132 

313 

3 

Hlckllng 

NYSEG 

90 

158 

4 

Hunlock 

LED-UGI 

93 

158 

5 

Montour 

PPL 

1515 

2554 

6 

Shawville 

GPU 

585 

817 

7 

Mllesburg 

WPP 

44 

74.9 

8 

Will la ns burg 

GPU 

30 

79 

9 

Saxton 

GPU 

35 

124 

10 

Sunbury 

PPL 

390 

593 

11 

Crawford 

GPU 

111 

243 

12 

Brunner  Island 

PPL 

1454 

2005.6 

13 

Holtwood 

PPL 

73 

197.7 

Sub-total 

4628 

7493.2 

Nuclear 

(n)  Series 

1 

Peach  Bottom 

PhE 

40 

7  U  a  3 

Hydro 

(h)  Series 

1 

Oakland 

GPU 

1 

2 

Warrior  Ridge 

GPU 

2 

3 

York  Haven 

GPU 

10 

4 

Safe  Harbor 

SWVPC 

230 

5 

Holtwood 

PPL 

102 

6 

Conowlngo 

PhE 

512 

Sub-total 

857 

• 

Pumped  Storage 

(ps)  Series 

ps 

Muddy  Run 

PhE 

880 

Total 

6405 

7563.5 

1/  Identified  by  utilities  operating  in  tiie  basin  1974 


About  97Z  of  the  electrical  generating  capacity  In  the  Delaware  River 
Basin  Is  fossil-fueled,  with  total  hydroelectric  and  available  punped 
storage-hydro  roughly  splitting  the  remainder.  Of  the  fossil-fueled 
power  plants,  about  20  percent  of  this  capacity  consists  of  gas  turbines 
and  diesels. 

In  the  Susquehanna  River  Basin,  the  overall  total  capacity  Is  about 
equal  to  that  In  the  DRB,  but  the  resource  mix  Is  markedly  different, 
with  72Z  fossil  (including  gas  turbines),  12Z  hydro,  14Z  pumped  storage 
hydro  and  the  small  remainder  In  nuclear.  It  Is  worth  noting  that  the 
overall  capacity  of  hydro  and  pumped  storage  plants  Is  significantly 
greater  In  the  SRB  than  In  the  DRB.  Overall,  the  power  plants  of  all 
types  are  more  widely  scattered  over  a  considerably  larger  area  In  the 
SRB  than  In  the  DRB.  In  addition,  topographical  and  river  flow  conditions 
are  such  that  hydro  plants  have  been  located  both  In  the  high  country 
near  the  beginnings  of  the  Susquehanna  River  as  well  as  In  the  lower 
reaches  near  the  mouth.  In  the  DRB,  however,  hydro  plants  have  been 
located  only  In  the  most  northerly  portion  of  the  basin,  and  even  the 
pumped  storage  location  Is  well  within  the  northern  half. 

The  relative  concentration  of  power  plant  types  is  strongly  related  to 
availability  of  the  fuel  source.  The  fossil-fueled  stations  in  the  DRB 
Inherently  are  concentrated  along  rail  or  sea  river  transportation 
facilities,  and  largely  located  between  the  cities  of  Trenton,  New  Jersey 
and  Wilmington,  Delaware  with  the  greatest  density  in  the  vicinity  of 
Philadelphia,  where  there  are  many  petroleum  refineries  as  well  as  a 
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rail  h««d  and  tranaahlpplag  facilities.  As  a  consequence,  the  majority 
of  plants  operating  in  the  DBB  are  fueled  with  oil. 

In  contrast,  there  are  fev  fossil-fueled  facilities  In  the  lower  reaches 
of  the  Susquehanna,  but  they  are  reasonably  well  associated  with  the 
major  intermountain  regions  %rhere  coal  Is  readily  available.  Petroleum 
or  Its  by-products  are  much  less  a  consideration  in  the  SRB  as  fuel. 
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V.D.  FUTURE  TOWER  DEVELOPMENT  M  THE  ELECTRC  SERVICE  AREA 


V.D.l  FUTURE  POWER  DEMAND  OPTIONS 


The  purpose  of  this  section  Is  to  estimate,  using  our  best  judgement, 
the  probable  high  and  probable  low  growth  rates  which  are  likely  to 
enclose  the  actual  future  growth  rate,  recognizing  that  the  latter  will 
essentially  be  the  product  of  the  decisions  made  by  regulators  and 
legislators.  It  Is  possible  to  generate  many  power  demand  scenarios, 
which  quantitatively  assess  the  Influence  of  the  causal  factors  on  demand, 
with  each  being  based  on  an  explicit  list  of  assumptions.  However,  It 
Is  not  the  objective  of  the  scope  of  work  to  carry  out  the  extensive  and 
costly  computer  modeling  of  future  demand  which  would  be  needed.  Further, 
such  a  level  of  effort  Is  not  necessary  to  a  visualization  of  future  power 
development  scenarios  In  the  ESA. 

During  the  15  -  20  year  period  prior  to  1974,  electric  power  demand  In 
most  regions  of  the  United  States,  including  the  electric  service  area, 
doubled  about  every  10  years;  that  Is,  the  average  electric  power  demand 
Increased  at  a  rate  of  7.0  -  7.5X  per  year.  This  period  can  be  generally 
characterized  by  the  following  causal  factors  which  would  tend  to  Induce 
high  power  demand  growth  rates: 

•  Relatively  high  personal  Income  growth 

•  Relatively  high  economic  growth  (products  and  services) 


•  Relatively  high  population  growth 


e  A  decreaae  in  the  real  price  of  electricity  when  adjuated  by 
the  Consumer  Price  Index,  and  often  a  decrease  in  absolute 
prices  . 

a  An  abundant  electricity  supply  base  that  imposed  no  constraints 
on  the  growth  of  demand 

s  A  general  disinterest  in  methods  for  preventing  inefficient 
and  wasteful  uses  of  energy  in  general,  with  consequent 
effects  on  electricity  use,  because  no  motivation  existed 
to  do  otherwise. 

These  are  the  factors  which  have  major  influence  on  the  demand  for 
electricity.  Assuming  that  past  levels  of  economic  and  personal  income 
growth  are  achieved  in  the  future,  it  is  of  Interest  to  examine  the  last  four 
factors  as  to  their  effects  on  electricity  demand  in  the  electric  service 
area  assuming  that  government  controls,  which  would  tend  to  reduce 
electricity  demand,  are  Implemented  only  in  a  very  low-key  manner,  if 
at  all. 

The  population  growth  forecasts  for  the  electric  service  area  Indicate 
that  the  "probable  high"  population ■ increase  will  be  about  37%  from 
1975  to  2000  (1.3%  average  annual).  From  1960  to  1975,  the  actual 
population  Increase  was  about  26%  (1.6%  average  annual).  Thus,  during 
the  next  25  years,  the  probable  high  growth  rate  will  be  a  little  less 
than  the  actual  growth  rate  experienced  during  the  previous  15  years. 
Intuitively,  one  would  expect  this  decreased  population  growth  rate  to 
dampen  demand  somewhat.  Quantitatively,  recent  studies  have  shown  that 
the  elasticity  of  electricity  demand  with  respect  to  population  is  about 
+1.0  (for  example.  Chapman,  et  al,  1972;  Rand,  1972).  An  elasticity 
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estlnace  represents  the  percentage  chainge  In  the  electricity  deaet^ 
associated  trlth  a  IZ  change  in  the  causal  factor.  Thus,  a  population 
increase  of  IZ  causes  a  IZ  Increase  in  electricity  demand.  Similarly,  a 
population  decrease  of  IZ  would  cause  a  IZ  decrease  in  demand.  The 
reduced  population  growth  in  the  electric  service  area  during  the  next 
25  years,  therefore,  can  be  expected  to  decrease  the  nominal  7.5Z  annual 
growth  of  electricity  demand  by  nearly  one  half  of  a  percentage  point. 

Natural  market  forces  have  already  started  to  dramatically  Increase  the 
real  price  of  electricity  as  opposed  to  the  decrease  in  real  price  which 
occurred  during  the  previous  20  year  period.  The  rapidly  escalating  costs 
for  new  construction  of  nuclear,  fossil  and  other  types  of  power  plants, 
coupled  with  two  to  four  fold  oil  price  increases,  are  having  significant 
effects  on  the  price  of  electricity.  The  following  table  summarizes  the 
results  of  several  investigations  as  to  the  effects  of  price  Increases  on 
elasticity  of  demand: 

Table  5-5  Electric  Price  Elasticities  Associated  With  Demand 


Residential 

Commercial 

Industrial 

Total 

(1) 

Chapman  (1972 

-1-3  , 

-1.5 

-1.7 

(2) 

FPC  (1973) 

not  est. 

not  est. 

not  est. 

-0.5 

(3) 

Perl  (1974) 

-0.5 

-0.8 

-0.7  to  -0.9 

(4) 

Rand  (1972) 

not  est. 

not  est. 

not  est. 

-0.85 

(5)  Mount  (1973) 


-1.2 


-1.36 


-1.82 


On  the  baale  of  theae  atudlea.  It  aeaaa  clear  that  price  increases  do 
Indeed  have  an  effect  on  reducing  deaand,  although  there  is  uncertainty 
as  to  the  quantitative  amounts  of  such  reductions.  One  reason  is  that 
the  pre-1974  studies  were  not  able  to  anticipate  the  drastatlc  gas  and  oil 
price  Increases  which  have  occurred;  consequently,  the  elasticities  shown 
above  are  somewhat  high.  For  example,  a  10  percent  price  Increase  reduces 
residential  demand  by  5  percent  according  to  Perl  (1974),  whereas  the 
same  price  increase  reduces  residential  demand  by  12Z  according  to 
Mount  (1973). 

There  are  many  estimates  as  to  future  electricity  price  Increases  caused 
by  natural  market  forces.  It  does  not  appear  necessary  to  discuss  these 
In  any  depth,  because  It  Is  clear  that  real  price  Increases  are  occurring 
now  and  can  be  expected  to  continue.  Therefore,  the  nominal  7.5  percent 
annual  growth  of  past  electricity  demand  will  be  dampened  somewhat  In  the 
future  as  a  result  of  natural  price  Increases. 

Another  Important  factor  which  requires  evaluation  as  to  its  effect  on 
future  demand  Is  whether  or  not  the  supply  base  can  keep  pace  with  the 
relatively  unrestrained  demand  which  typified  the  past.  The  thermal 
power  plant  boom  which  started  after  World  War  II  effectively  allowed 
demand  to  grow  without  constraints,  and  the  promise  of  nuclear  power  In 
the  early  1950' s  reinforced  the  notion  that  supply  could  easily  keep  up 
with  demand.  This  situation  continued  through  the  1950's  and  1960's: 
however,  serious  re-evaluatlon  at  all  levels  of  government  and  industry 
started  taking  place  In  the  early  1970' s.  It  was  becoming  apparent  that 
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potentially  significant  constraints  on  the  expanding  electric  supply  base 
were  emerging.  Some  of  these  constraints  are: 

e  Increasing  concern  with  environmental  effects;  that  is, 
there  could  be  a  near  future  time  when  the  environment 
simply  would  not  be  able  to  absorb  the  exponentially 
Increasing  numbers  of  plants  and  their  attendant  environmental 
effects. 

a  A  growing  lack  of  confidence  In  nuclear  power  because  of 
problems  related  to  safety  and  radioactive  wastes. 

e  Recently,  significant  uncertainties  as  to  the  ability  of 
the  electric  utility  Industry  to  finance  the  construction 
of  costly  nuclear  and  fossil  plants  has  added  a  restraint 
factor  to  the  Installation  of  such  plants  on  a  large  scale 
basis. 

The  "national  energy  policy"  of  the  1950* s  and  the  1960's  was  based  mainly 
on  nuclear  energy  as  the  future  primary  source  of  electric  power.  The 
funding  of  research  and  development  for  alternate  energy  conversion 
technologies  was  only  on  a  very  low  priority  basis.  Today  there  are 
doubts  by  many  public  and  political  leaders  that  the  nuclear  option  will 
pay  off  on  the  schedules  previously  set,  although  nuclear  expansion  Is, 

In  our  view,  still  favored.  Accelerated  R  &  D  programs  on  the 
alternatives  are  expected  to  provide  real  payoffs  during  the  last  10  - 
15  years  of  this  century.  Nevertheless,  there  are  significant  uncertain¬ 
ties  associated  with  the  capability  to  expand  the  future  supply  base  to 
keep  up  with  a  future  demand  requirement  which  is  as  high  as  that  of 
the  past.  These  uncertainties  are  expected  to  have  an  Important  effect 
on  reducing  previous  demand  growth,  particularly  during  the  next  10  - 
IS  years. 

With  an  abundant  energy  supply  base  during  the  1950’s  and  1960’s,  neither 
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the  government,  industry,  or  individual  consumers  had  real  reason  to 
be  motivated  In  the  area  of  conservation.  However,  as  a  result  of  the 
factors  discussed  above,  the  desire  to  conserve  Is  emerging.  Conservation 
policies  could  be  applied  In  the  future  on  a  low-key  basis,  which  might  be 
characterized  by  "voluntary”  conservation  practices  with  only  minimal 
government  controls  and  Incentives  to  encourage  such  practices,  or  they 
could  be  applied  In  a  forceful  manner  by  establishing  significant  govern¬ 
ment  controls  to  maximize  conservation.  Even  on  a  low-key  basis,  however. 

It  can  be  expected  chat  conservation  practices  will  have  an  effect  on 
reducing  future  demand. 

On  Che  basis  of  the  above  discussions,  It  Is  likely  that  the  future  demand 
for  electricity  could  take  place  at  a  lower  growth  rate  than  that  occurring 
during  the  previous  20  years,  while  maintaining  the  same  relative  growth 
in  the  economy  and  personal  income  experienced  during  the  previous  period. 
Two  comprehensive  studies  support  the  notion  that  energy  growth  and 
economic  prosperity  can  be  de-coupled  to  a  large  extent.  The  Energy  Policy 
Project  (1974)  states  "our  research  Indicates  that  energy  growth  could  be 
reduced  while  growth  continues  In  the  output  of  goods  and  services  -  without 
sacrificing  national  economic  goals."  Rand  Corporation  (1972)  also  suggests 
that  lower  electricity  growth  rates  can  be  achieved  with  only  minimal 
adverse  short-term  effects,  and  essentially  no  long-term  effects  on 
economic  growth.  On  the  other  hand.  The  Institute  for  Contemporary  Studies 
(1975)  In  "No  Time  to  Confuse"  questions  the  de-coupllng  of  energy  growth 
and  economic  prosperity. 
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The  factors  discussed  thus  far  indicate  that  several  Important  "natural 
forces"  will  be  acting  to  reduce  the  future  power  demand  growth  rate. 
However,  there  is  one  potential  off-setting  factor  which  could  be  very 
important.  It  is  possible  that  gas  and  oil  shortages  will  become  so 
acute  that  end  use  substitution  of  electricity  for  them  is  necessary. 
Electrification  of  the  transportation  industry  (automobiles  and  trucks 
in  particular),  building  space  heating,  and  certain  industrial  processes 
are  areas  where  substitution  of  electricity  could  be  significant.  For 
example,  if  an  electric  heat  pump  is  operated  using  electricity  from 
coal-fired  or  nuclear  plants,  it  can  be  shown  that  for  each  1.6  heat 
units  generated  in  the  power  plant  about  one  unit  of  useful  heat  can  be 
supplied  to  a  building  or  home.  On  the  other  hand,  pipeline  transmissions 
and  furnace  efficiencies  for  natural  gas  are  such  that  over  2.0  heat  units 
must  be  provided  at  the  source  to  supply  the  same  unit  of  useful  heat  at 
the  end  use  point.  Thus,  space  heating  using  electric  heat  pumps  could 
represent  significant  conservation  of  oil  and  gas.  It  is  obviously 
difficult,  if  not  impossible,  to  quantify  the  potential  future  effects  of 
an  "electric  economy."  Such  effects  would  occur  gradually,  but  could 
have  a  significant  influence  to  increase  demand  growth,  thus  off-setting 
decreases  in  growth  achieved  through  conservation. 

Probable  High  Demand  in  the  Electric  Service  Area 

Based  on  the  preceding  analyses,  it  is  clear  that  no  mathematical  method 
can  be  completely  relied  on  for  accurately  quantifying  a  "probable  high" 
electric  power  growth  rate  during  1975-2000.  During  1964-197A  the  peak 
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power  demand  In  the  service  area  Increased  at  a  6.7Z  average  annual  rate.* 


This  rate  can  be  considered  a  high  one,  but  not  necessarily  the  "high*' 
for  future  years.  As  the  preceding  discussions  point  out,  there  are 
Important  reasons  why  the  electric  past  could  be  very  different  from  the 
electric  future.  It  seems  reasonable  that  various  growth  reduction 
factors  could  reduce  the  past  annual  Increase  rate  of  6.7%  by  around  1.5 
to  2.0  percentage  points,  resulting  In  a  future  high  between  4.7  -  5.2%. 
Making  some  allowance  for  the  potential  effects  of  future  electrification. 
It  Is  proposed  that  the  "probable  high"  power  demand  rate  during  1975  - 
1990  be  6.0%.  As  a  matter  of  judgement,  it  Is  assumed  that  voluntary 
type  conservation  practices  would  lead  to  even  further  reductions  In 
later  years;  accordingly,  the  "probable  high"  growth  rate  during  1991  - 
2000  Is  assumed  to  be  5.5%.  It  should  be  emphasized  that  the  projected 
demand  In  2000  Is  not  sensitive  to  changes  in  the  growth  rate  on  the 
order  of  +1.0  percent  because  the  scenario  evaluations  do  not  require  a 
precise  estimate,  even  If  It  were  possible  to  make  one. 

It  Is  of  Interest  to  compare  this  forecast  with  "high  growth"  forecasts 
which  have  been  made  recently  by  others. 


*Note,  however,  that  the  average  annual  rate  during  1964  -  1973  was 
8.2%.  1974  peak  demand  was  6%  less  than  that  in  1973. 
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Table  5-6 

Annual  Growth  Rates 

ill 

Forecast 

75-80 

81-85 

86-90 

91-95 

96-2000 

Reference 

(1) 

"Historical 
growth"  case 

6.81 

6.81 

5.0 

5.0 

5.0 

Energy  Policy 
Project  (1974) 

(2) 

Dept,  of  Interior/ 

FPC  7.1 

6.65 

5.3 

5.3 

5.3 

Dupree  (1972) 

(3) 

FPC-Unres  t  rained 

Case 

5.9 

Task  Force  on  Fore 
cast  Review  (1973) 

(4) 

FEA 

6.0 

Federal  Energy 
Admin.  (1974) 

(5) 

California 
High  Growth 

6.52 

6.7 

6.08 

5.76 

5.63 

Rand  (1972) 

(6) 

Cornell  - 
NSF  Workshop 

6.3 

6.3 

6.3 

6.7 

6.7 

Cornell  (1972) 

(Note :  The  above 

growth  rates  were 

calculated 

using  data  in  these  references) 

The  major  assumptions  for  each  of  these  forecasts  is  that  future  electrical 
growth  will  be  based  on  conditions  similar  to  those  of  the  past;  that 
Is,  high  economic  growth,  high  Income  growth,  and  mimimum-type  conservation 
efforts. 

Probable  Low  Demand  in  the  Electric  Service  Area 

Many  of  the  preceding  considerations  are  applicable  to  the  development 
of  a  "probable  low"  power  demand  forecast,  but  with  a  different  degree 
of  emphasis,  ^^lth  regard  to  the  "probable  low"  population  growth,  fore¬ 
casts  indicate  that  the  population  will  increase  about  14%  between  1975 
to  2000  (0.5%  annual  average),  compared  to  the  actual  1960  -  1975  Increase 
of  26%  (1.6%  annual  average).  Thus,  during  the  next  25  years  the  probable 
low  growth  rate  will  be  about  1.0%  per  year  less  than  the  actual  growth 
rate  during  the  past  15  years.  This  1.0%  reduction  corresponds  to  an 


approximate  1%  decrease  in  future  power  demand,  based  on  the  earlier 
discussion  of  population  elasticity. 

With  regard  to  the  coat  of  electricity,  the  imposition  of  price  increases 
in  addition  to  natural  market  place  increases  would  be  significant  in 
lowering  demand.  It  is  clear  from  Table  5-7  that  price  increases  could 
be  Implemented  so  as  to  achieve  nearly  any  demand  objective.  Since 
utilities  must  Install  new  capacity  to  keep  up  with  peak  demand  increases, 
peak  load  pricing  policies  could  be  devised  to  transfer  heavy  consumer 
class  demands  away  from  the  peak.  Peak  load  pricing  would  have  the  effect 
of  dampening  the  peak  demand  growth  rate,  but  could  still  allow  about  the 
same  total  energy  usage;  l.e.,  the  system  load  factor  would  Increase. 

Peak  load  pricing  could  be  thought  of  as  having  two  components.  One  would 
be  to  charge  each  consumer  class  (residential,  commercial,  and  industrial) 
for  its  proportionate  share  of  the  energy  and  capacity  during  peak  demand 
periods.  Significant  modifications  to  present  utility  rate  structures 
would  be  needed  to  carry  out  such  a  policy,  because  most  utilities  charge 
small  users  more  per  kwh  (residential)  and  charge  large  users  less  per 
kwh  (Industrial),  regardless  of  which  has  the  larger  share  of  peak  demand. 
The  second  component  consists  of  a  penalty  on  peak  demand  users  to  dis¬ 
courage  unnecessary  consumption.  This  penalty  might  take  the  form  of  a 
tax  on  the  quantity  of  kwhs  consumed  during  the  peak  demand  period. 

Pricing  policies  have  more  potential  for  reducing  demand  to  desired 
levels  than  any  of  the  other  available  methods. 


Table  5-7  rOLICIES  FOR  SLOWING  THE  OlOUTH  RATE  IN  ELECTRICITY  CONSUMPTION 


Policies  that  Affect  Prices 

Monprlce  Policies 

of 

of 

Electricity 

Appliances 

Voluntary 

Proscriptive 

Initiate  consumer  education 

programs 

Basic  conservation  practices 
Efficiency  labeling  of 

X 

appliances 

X 

X 

Provide  tax  incentives 

Encourage  energy  efficient 

building  design 

X 

Encourage  solar  heating 
Encourage  more  efficient 

X 

appliances 

X 

Change  electricity  rate 

schedules 

Increase  races 

X 

Change  rate  structures 

X 

Peak  load  pricing 

X 

Restrict  promotional  activities 

Advertising 

X 

X 

Builder  promotions 

X 

X 

Appliances 

X 

X 

Change  building  codes 

Tighten  insulation  standards 

X 

Beat-reflecting  glass 

Minimize  internal  heat  source 

X 

•  by  venting 

X 

External  sun  shades 

X 

Impose  taxes  as  disincentives 

On  electricity  sales 

On  electrical  appliance  sales 

X 

X 

On  incandescent  bulbs 

X 

On  peak  loads 

X 

• 

Restrict  selected  uses  of 

electricity 

Heating,  cooling,  water 

heating,  cooking,  cloches 
drying,  refrigeration 

X 

X 

Restrict  Issuance  of  new 

building  permits 

X 

Undertake  long-term  rationing 

X 

Pa  rj,  ifl  2 
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In  addition  to  effacts  on  daaand  of  the  "probable  low"  population  forecast 
and  new  pricing  policies,  potential  problaas  of  expanding  the  supply  bass 
are  laportant  as  to  their  effects  on  restraining  deaand  growth.  Consider 
the  scenario  characterised  by  a  significant  slowdown  In  nuclear  plant 
construction,  increasing  scarcity  of  fossil  fuels  for  power  plant  boilers, 
and  slower  developaent  than  expected  of  alternative  generation  aethods 
because  of  technical  and  econoalc  problaas.  For  such  a  scenario,  power 
deaand  would  be  constrained  to  grow  slowly,  if  at  all,  for  the  period 
of  power  supply  shortage.  This  situation  could  occur  during  the  1880's. 
Obviously,  it  is  not  possible  to  quantify  such  effects  without  a  study 
effort  well  beyond  the  tiork  scope  of  this  review. 

Proscriptive  conservation  policies  also  have  great  potential  for  slowing 
the  growth  rate  to  "probable  low"  deaand  levels.  This  aust  be  true 
because  the  voluntary  energy  conservation  appeals  In  soae  regions  of 
the  country  in  late  1973  resulted  in  actual  energy  use  reductions  of  up 
to  10  percent  of  projected  utility  energy  loads.  However,  these  reductions 
had  ainimal  effect  upon  peak  deaands  (FPC  Bureau  of  Power,  1974).  Bstlaates 
of  energy  savings  using  both  voluntary  and  aandatory  aeasures  have  also 
been  aade.  The  Mid-Atlantic  Area  Council  (MAAC),  which  coordinates  power 
In  the  Pennsylvania  -  New  Jersey  -  Maryland  (PJM)  interconnection  area 
(the  major  part  of  the  defined  electric  service  area),  estimated  that 
the  projected  net  system  generation  during  December  1973  through  Decesker 
1974  (1.76  X  10^^  kwh)  could  be  reduced  by  about  8.6  percent  If  the 
following  procedures  were  adopted  (FPC  Bureau  of  Power,  1974) t 
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1.  Curtailment  of  non-aaaentlal  heating  and  lighting  load 
at  utility-owned  power  plants  and  office  facilities. 

2.  Curtailment  of  non-essentinl  generation  station  auxilaries 
at  power  plants. 

3.  Appeals  to  large  commercial  and  industrial  customers  to 
curtail  non-essential  use. 

A.  Appeals  to  the  public  to  curtail  non-essential  use. 

5.  Interruption  of  cont ractual 1 v  Interruptible  load. 

6.  Reduction  of  system  voltage. 

7.  Reduction  In  use  of  electricity  by  government.il  entitles 
due  to  reductions  or  changes  of  usage  in  governmental 
facilities,  building,  street  illumination,  or  others. 

8.  Reduction  In  hours  of  operation  of  commeri'lnl  centers. 

9.  Reduction  In  use  hv  industrial  customers  wh<'se  output 
is  n<U  essent  l.'tl  to  the  publi.  health  .unl  saletv. 

10.  Kllmlnation  of  outdoor  uight-tiine  sporting  events. 

11.  Kllmlnation  of  outdoor  commercial  .advert Ising  displays. 

12.  Other  methods. 

It  is  not  being  recommended  herein  that  these  measures  actually  bo  applied 
because  many  of  them  are  undesirable,  and  should  not  be  implemented 
except  under  emergency  conditions.  However,  it  is  clear  that  strict 
conservation  measures  c.'«n  significantly  reduce  demand  without  causing 
complete  dislocation. 

Many  recent  pub  I Icat Iimis  have  detailed  both  voluntarv  and  proscriptive 
energy  conservation  policies  (for  example;  Rand  1972,  Hammond,  et  al, 

1973;  Office  of  Kmergcncy  Preparedness,  1972;  FPC  Bureau  of  Power,  197A), 
Table  5  is  a  summary  of  four  types  ot  policy  options  which,  if  applied 
on  a  selective  basis  to  ichieve  defined  nbiectivos,  would  have  a  major 
effect  on  achieving  growth  control. 
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Using  solar  energy  In  place  of  electricity  to  provide  hot  water 
heating  and  space  conditioning  for  buildings  can  be  classified  as  a 
conservation  method,  yet  it  deserves  special  attention.  Solar  substi¬ 
tution  could  have  a  significant  effect  in  reducing  future  summer  peak 
loads  in  the  electric  service  area.  Experimental  installations  have 
been  made  in  many  areas  of  the  country,  and  technical  feasibility  has 
been  demonstrated.  Economic  viability  may  still  be  questioned,  but  it 
can  be  expected  that  solar  substitution  will  soon  be  economically  com¬ 
petitive  with  electricity  as  further  refinements  in  the  technology 
are  made.  Federal  research  and  development  funding  in  this  area  alone  will 
increase  from  $1.7  million  in  1975  to  an  estimated  $4.1  million  in  1975 
and  $21,6  million  dollars  in  1976.  The  nearly  thirteen-fold  increase 
from  1974  to  1976  indicates  the  high  priority  being  given  to  solar  sub¬ 
stitution,  and  this  does  not  Include  the  additional  research  being  con¬ 
ducted  by  the  electric  utility  Industry.  Thus,  it  can  be  expected  during 
the  1980* s  that  peak  electricity  demands  will  start  to  be  gradually  re¬ 
duced  as  solar  substitution  technology  is  phased  in. 

In  summary,  the  factors  which  would  Influence  a  "probable  low"  growth 
rate  in  the  electric  service  area  are: 

•  Lower  population  growth  in  the  future  than  in  the  past. 

•  Restructuring  the  price  of  electricity,  with  emphasis  on 
peak  load  price  Increases. 

•  The  inability  to  add  new  povjer  generation  to  the  existing 
resource  mix  at  the  same  growth  rate  of  the  recent  past. 

•  Implementing  energy  conservation  policies  in  a  significant 
way  using  both  voluntary  and  proscriptive  measures. 
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•  Solar  substitution  for  electricity  In  the  areas  of  hot  water 
heating,  space  heating,  and  space  cooling. 

As  in  the  analysis  of  the  "probable  high"  power  demand,  it  is  not 
possible  to  accurately  quantify  the  "probable  low"  demand.  However,  it 
Is  clear  that  policies  could  be  Implemented  to  effect  substantial  growth 
rate  reductions  relative  to  the  growth  rate  of  the  past.  It  appears  reason¬ 
able  to  use,  for  purposes  of  the  scenario  evaluations,  an  average  annual 
growth  rate  of  3.0  per  cent  during  1975  -  1990  and  2.5  per  cent  during 
1990  -  2000.  These  growth  races  are  probably  near  the  lower  limit  at  which 
some  effects,  perhaps  undesirable,  on  overall  economic  growth  would  occur. 
These  rates  are  considered  to  be  achievable  if  strong  policy  actions  are 
taken  in  the  areas  of  electricity  price  increases  and  conservation.  Based 
on  the  types  of  governmental  controls  which  would  need  to  be  implemented 
to  reduce  power  growth  rates  below  the  2.5  -  3.0  per  cent  level,  there 
Is  no  evidence  yet  that  the  public  Is  willing  to  accept  the  potential 
changes  such  controls  could  induce  in  American  life  styles  and  the  free 
enterprise  system.  For  example,  the  Institute  for  Contemporary  Studies 
(1975)  offers  thought-provoking  analyses  as  to  whether  the  low  growth 
energy  policies  put  forth  in  the  Energy  Policy  Project  (1974)  are  com¬ 
patible  with  the  free  enterprise  system  and  many  other  basic  values 
and  freedoms  which  Americans  hold  dear. 

The  Energy  Policy  Project  and  Rand  Corporation  analyses  of  "low  growth" 
cases  are  given  for  comparison: 
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Table  5-8  Annual  Growth  Rates  (Z) 


Forecast 

75-80 

81-85 

86-90 

91-95 

96-2000 

Ref 

(1) 

Technical  Fix 

3.31 

3.31 

2.43 

2.43 

2.43 

Energy  Policy 
Project  (1974) 

(2) 

Zero  Energy 
Growth 

3.0 

3.0 

1.67 

1.67 

1.67 

Energy  Policy 
Project  (1974) 

(3) 

California  - 

3.28 

3.31 

3.0 

3.0 

3.0 

Rand  (1972) 

Low  Growth 


The  "Technical  Fix"  growth  case  assumes  that  energy  conservation  prac¬ 
tices  and  known  energy-saving  technologies  are  Incorporated  into  pro- 
ductlon  and  consumption  patterns  to  the  extent  possible  within  existing 
life  styles  and  economic  organizations.  The  "Zero  Energy  Growth"  case 
assumes  that,  in  addition  to  the  "Technical  Fix"  measures,  changes  In 
life  styles  and  economic  structure  are  Introduced  in  order  to  move 
towards  a  situation  of  constant  per  capita  energy  consumption.  The 
"California  Low  Growth"  case  assumes  that  the  future  fossil  fuel  situa¬ 
tion  Is  critical,  a  nuclear  slowdown  occurs,  significant  electricity 
price  increases  occur  as  a  result  of  conservation  taxes  and  peak-load 
price  increases,  and  there  is  a  general  economic  slowdown. 

Summary 

After  consideration  and  study  of  the  many  diverse  factors  which  will 
influence  future  power  demand,  it  is  believed  that  using  the  growth 
rates  in  the  following  table  appropriately  depict  the  "probable  high" 
and "probable  low"  future  power  demand  levels; 


Probable  High 
Probable  Low 


1975  -  1990 


1991  - 


2000 


6.0 

3.0 

Average  Annual  Growth  (Z) 

These  growth  rates  have  been  used  to  forecast  the  peak  demand  in  the 
year  2000  based  on  the  1974  suimier  peak  demand  in  the  ESA  of  31,900. 
Figure  4  shows  these  forecasts,  and  indicates  that  the  probable  high 
peak  demand  in  2000  is  approximately  138,500  MWe  and  the  probable  low 
peak  demand  in  2000  is  approximately  65,600  MWe. 

It  is  Important  to  note  that  a  "most  probable"  forecast  has  not  been 
made.  The  most  probable  demand  in  the  electric  service  area  will  be 
that  which  is  affected  by  future  regulations,  standards  and  institutional 
constraints.  The  service  area  regulators.  Influenced  by  public  and 
political  pressures,  will  establish  constraints  in  a  manner  to  achieve 
the  desired  power  demand  objective  (i.e.The  "most  probable"  demand). 

There  does  not  appear  to  be  a  valid  reason,  or  even  basis,  for  "guessing" 
how  and  when  such  constraints  will  be  Imposed.  The  Chapter  V  analyses 
are  intended  to  be  objective  evaluations  of  potential  po%rer  development 
strategies;  however,  making  a  "most  probable"  forecast  is  a  subjective 
undertaking. 


5.5 

2.5 
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V.D.2.  FUTURE  POWER  SUPPLY  ALTERNATIVES 


The  purpose  of  this  section  Is  to  briefly  sumBarlse  the  current  state- 
of-the-art  as  to  sone  present  and  future  alternative  methods  for  generating 
electricity.  The  current  status,  potential  problems,  and  expected  . 
conmercial  application  of  various  technologies  which  could  affect  the 
future  electric  service  area  resource  mix  will  be  discussed.  Potential 
undeveloped  hydroelectric  and  pumped  storage  sites  in  the  electric 
service  area  will  also  be  discussed.  Power  plant  cooling  methods  are 
discussed  in  the  last  section  of  this  chapter. 

Perspective  is  gained  on  the  emphasis  being  given  to  advanced  technologies 
in  various  stages  of  development  by  a  review  of  the  funding  being  allo¬ 
cated  by  the  federal  government  and  the  electric  utility  Industry. 

Table  5-9  gives  a  breakdown  of  current  and  projected  funding  for  both 
present  and  emerging  energy  conversion  technologies. 

Following  are  brief  discussions  of  promising  fuel  and  energy  conversion 
technologies . 

High  Temperature  Gas  Reactor  (HTGR) 

A  number  of  high  temperature  gas-cooled  reactors  using  a  steam  cycle  are 
currently  being  operated  or  are  planned.  These  Include  the  Fort  St. 

Vraln,  330  MWe  HTGR  (operating),  and  larger  units  being  planned  by 


several  utilities. 


PROBABLE  HIGH  &  PROBABLE  LOW  DEMAND  FORECASTS 


ELECTRIC  SERVICE  AREA 


(1)  Average  Annual  Growth  During  Period 


Table  5-9 


FDNDIMG  ($1.000*8)  FOR 
TECHNOtOGY  R  &  D 


ERDA 

(1) 

,j 

EPRI^^^ 

1974  1 

[  1975 

1  1976  'i 

1975  1976^-^^ 

Actual  ! 

Est . 

'  Est. 

Est. 

(1) 

SOLAR  ENERGY 

-  Solar  energy  for  buildings 
and  facilities 

1720 

4070 

21600 

620 

-  Solar  thermal  power  plants 

885 

1500 

11000 

740 

-  Photovoltalcs 

666 

1500 

10000 

420 

-  Wind  energy  conversion 

566 

1000 

9000 

500 

-  Other  (Bloconverslon, 
ocean  thermal) 

100 

700 

5500  ■: 

720 

Sub-Total  -  Solar  R  &  D 

3937 

8770 

57100 

3000 

(2) 

FUEL  CELLS 

- 

500 

500  : 

3925 

(3) 

MHD 

2815 

7584 

13773  i: 

-  Incl  with  (5) 

(4) 

ENERGY  STORAGE  SYSTEMS 

1689 

5800 

^  9100  i; 

3582 

(Includes  batteries,  flywheels, 
compressed  air,  other  storage  'i 

R  &  D) 

(5)  ADVANCED  CYCLES  - - Unknovm - 14900 

(Includes  MHD,  heat  pumps,  !| 

advanced  concepts,  high  temp, 
gas  turbines) 

(continued  next  page) 
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Table  5-9  Continued 


!t 


(6) 

HYDROGEN 

'  With 

V'.-  !  '  5 

(4) - |i 

565 

(7) 

GEOTHERMAL 

62‘31 

13800 

28370  i 

2800 

(8) 

FUSION 

52968 

85030 

120000  1 

4890 

(9) 

NUCLEAR  FISSION 

-  LMFBR 

193019 

250023 

261300 

3250 

-  LWR 

25791 

30300 

31900 

29700 

-  Gas  cooled  reactors 

12590 

21893 

31400 

3250 

(10) 

FOSSIL  ENERGY  DEVELOPMENT 

-  Coal  gasification 

37857 

80149 

94509 

12160 

-  Coal  liquefaction 

19764 

54632 

96897' 

8377 

-  Oil  shale 

2780 

3454 

8147 

- 

.  -  Direct  utilization 

-Incl.  above- - 

3750 

(11) 

END  USE  ENERGY  CONSERVATION 

- 

- 

'  3000 

Unknown 

NOTES ; 

(1)  ERDA  -  Federal  Energy  Research  and  Development  Administration 

(Source:  Nucleonics  Weeks,  February  6,  1975) 

(2)  EPRI  -  Electric  Power  Research  Institute-(R  &  D  for  the  electric 

utility  industry)  (Sources  EPRI  1975  Program  Emphasis) 

(3)  EPRI  -  1976  information  not  available  until  Novetiiber>  1975 


The  HTGR  with  a  steam  cycle  has  a  thermal  efficiency  of  about  39Z  as 
compared  to  the  light  water  reactor's  (LWR)  32Z.  This  efficiency  in¬ 
crease  results  because  the  HTGR  produces  steam  at  high  temperature  and 
pressure  equivalent  to  a  modern  fossil-fueled  plant.  Thus,  the  cooling 
water  requirements  are  about  25%  less  for  the  HTGR  in  comparison  to  the 
LWR  for  the  same  electrical  output. 

It  is  expected  the  industry  will  see  greater  use  of  large  sized  HTGR 
units  in  the  future.  Standardization  of  the  HTGR  nuclear  steam  supply 
system  is  underway.  The  trend  is  toward  larger  and  simpler  units  and  a 
major  effort  is  underway  to  develop  a  1500  WJe  HTGR  designed  to  meet  the 
needs  of  large  operating  utilities.  The  new,  larger  HTGR  steam  units 
could  make  a  significant  contribution  to  the  economic  production  of 
electrical  power  by  1990. 

Gas  Turbine  HTGR 

Instead  of  using  a  steam  cycle,  helium  is  heated  in  the  HTGR  core  and 
then  passed  through  a  gas  turbine  to  produce  pwer.  A  significant  advan¬ 
tage  of  this  technology  is  that  the  cycle  is  compatible  with  a  dry  cooling 
system  at  reasonable  costs.  The  reason  is  that  the  gas  turbine  rejects 
its  heat  over  a  band  of  temperatures,  typically  from  about  350^^  F  down 
to  100°  F,  whereas  the  steam  turbine  must  reject  all  of  the  heat  at  the 
same  temperature.  This  steam  condensing  temperature  is  typically  140  - 
150°  F.  The  increase  in  temperature  difference  means  that  the  dry  cooling 
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such  towers  with  a  steam  cycle  plant.  It  is  expected  that  present  develop¬ 
ment  of  the  gas  turbine  HTGR  will  allow  commercial  introduction  by  1990. 

Liquid  Metal  Fast  Breeder  Reactors  (LMFBR) 

For  all  intents  and  purposes,  a  breeder  reactor  is  one  which  takes  the 

energy  from  a  fission  reaction  to  create  heat  for  power  production  while 

232 

optimizing  the  alteration  of  so-called  "fertile"  materials  such  as  Th 
238 

and  U  to  other  fissionable  materials  that  can  be  stripped  out  during 
the  fuel  reprocessing  which  follows  "burnup"  and  used  to  fuel  a  second 
line  of  reactors. 

Since  the  easily  fissionable  isotopes  ,  TH^  ,  Pu  can  be  caused 
to  split  by  neutrons  of  virtually  any  energy,  and  since  there  is  a  material 
advantage  in  "breeding"  fissionable  isotopes  by  allowing  a  high  density 
of  high  energy  neutrons,  the  use  of  hydrogen  containing  materials  in  the 
reactor  to  moderate  the  energy  of  the  neutrons  is  no  longer  needed.  Nor 
is  it  necessary  to  work  at  the  relatively  low  temperatures  required  by 
water  or  organic  moderated  reactors. 

Consequently,  use  of  heat  transfer  fluids  that  can  operate  at  high 
temperatures  can  be  used.  Liquid  metals  are  the  most  readily  available 
materials  that  can  be  circulated  under  those  circumstances  and  that  will 
serve  the  purpose,  so  the  breeder  reactors  are  currently  being  developed 
with  liquid  metal  coolant. 
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The  LMFBR  permits  use  and  consumption  of  all  Uranium  and  Thorl\im, 
assuring  a  supply  of  nuclear  fuel  for  centuries.  However,  these 
elements  are  not  abundant  In  limitless  quantities  at  concentrations 
that  can  be  economically  mined,  milled  and  concentrated  at  this  time. 

The  Natural  chemistry  of  these  elements  Is  Important  In  their  concentra¬ 
tion.  One  of  the  reasons  Uranium  has  been  developed  In  nuclear  tech¬ 
nology  over  Thorium  is  the  ready  accessibility  of  the  element  as  a 
water  deposited  concentrate  In  sediments  that  are  reasonably  easy  to 
mine  and  process.  Thorium  on  the  other  hand  is  contained  in  natural 
minerals,  derived  from  igneous  rocks,  that  are  exceptionally  resistant 
to  weathering  and  generally  found  as  natural  concentrates  as  the  so- 
called  monozite  sands  or  in  rarer  concentrates  of  Zircon. 

By  and  large,  a  relatively  large  source  of  these  radioactive  fuels 
exist  in  igneous  rocks  with  an  average  in  unweathered  volcanics  of 
about  ]  part  per  million  Uranium.  The  Thorium  concentration  generally 
holds  a  conslstant  ratio  to  that  of  Uranium  of  about  3  times.  Somewhat 
higher  magnitudes  of  concentrations  are  found  in  granites,  metamorphics 
and  hydrothermal  veins  because  of  local  high  temperature  concentration 
effects , 

Consequently,  the  future  of  both  thermal  and  fast  neutron  reactors  using 
Uranium  or  Thorium  as  fuels  depends  largely  on  the  effect  of  market 
demand  on  both  reactor  and  mining/milling  technology.  It  is  unlikely 


V-47 


WCROCOPY  RLSOLUnON  ItSl  CHART 

NAIIONM  HIWAU  Ol  SIANOAHOS  A 


that  other  substantial  deposits  of  either  fuel  will  be  found  in  concen¬ 
trated  form,  and  the  foreseeable  future  for  such  fuels  is  probably  that 
of  exhaustion  in  the  first  few  decades  of  the  next  century.  Utilization 
of  the  breeder  concept  is  wise,  for  it  leads  to  greater  utilization  of 
the  whole  fuel  that  is  available  and  use  of  the  high  temperature  attain¬ 
able  by  using  a  liquid  metal  heat  transfer  mechanism  permits  a  much 
higher  efficiency  in  producing  steam  and,  of  course,  electric  power. 

It  is  a  viable  power  source  for  the  foreseeable  future,  although  many 
of  the  problems  which  are  troubling  the  installation  of  light  water 
reactors  will  also  have  to  he  faced  by  the  LMFBR. 

Fusion 

The  use  of  the  nuclear  fusion  process  as  a  means  of  generating  electri¬ 
city  is  currently  under  investigation  and  has  been  since  the  technology 
was  developed  for  explosive  release  of  the  energy  in  nuclear  bombs. 

Fusion  of  elemental  nuclei  can  only  occur  if  the  momentum  obtained  by 
the  nuclei  can  overcome  the  repulsive  forces  between  them  and  a  collision 
is  brought  about.  Theoretically  such  action  should  be  possible  for  most 
any  element,  but  from  a  practical  standpoint  only  hydrogen  Isotopes  are 
currently  being  used. 

In  order  to  force  the  hydrogen  isotope  nuclei  into  close  enough  proximity 
to  release  energy  as  they  "fuse"  to  Isotopes  of  helium,  they  must  be 
contained  under  tremendous  pressure  while  being  energized  (usually  by 
heating)  to  about  ten  million  degrees.  The  research  being  undertaken 
presently  centers  around  an  attempt  to  contain  the  isotopes  of  hydrogen 


as  ions  In  a  so-called  "magnetic  bottle"  while  heating  than  by  various 
means.  The  problems  are  that  at  the  required  temperatures  and  field 
strengths  the  "bottle"  leaks  or  collapses  before  the  reaction  can  be  set 
into  self  continuity. 

The  advantages  of  the  process  are  thought  to  be  so  great  as  to  outweigh 
the  exceptional  problems  of  bringing  about  a  continuous-,  controllable 
fusion  reaction.  The  fuel  is  widely  distributed  as  a  natural  fraction 
of  water  everywhere  on  earth,  and  with  the  right  equipment,  is  reason¬ 
ably  easy  to  refine  to  useful  concentrations.  Consequently,  fusion  of 
Tritium  or  Tritium-Deuterium,  both  of  which  are  hydrogen  isotopes,  are 
seen  as  the  most  likely  fuels. 

While  projections  of  having  a  working  reaction  by  the  early  1980* s  are 
encouraging,  the  shift  from  a  millisecond  burn  (at  present)  to  one  second 
burn  (soon  hoped  for)  and  finally  to  a  continuous  burn  (sometime  in  the 
future)  Is  still  at  "laboratory"  level  evaluations.  Stepping  from  there 
to  pilot  plant  and  finally  commercial  production  presumes  a  great  deal, 
for  there  Is  no  available  technology  to  support  such  a  development. 

Based  on  the  requirements  for  developing  the  fission  nuclear  power  plants 
to  the  point  of  reliable  operation  (if  this  indeed  can  be  said  to  have 
taken  place) ,  it  can  be  expected  that  at  least  20  years  will  be  required 
after  the  prototype  is  built.  The  potential  of  fusion  before  the  year 
2000  in  any  form  other  than  a  curiosity  seems  unlikely. 


Magnetohydrodynamics 

MHD  Is  a  direct  conversion  method  for  producing  electricity.  Hi^  tem¬ 
perature  gases  formed  by  the  combustion  of  fossil  fuels,  are  passed 
through  a  channel  (MHD  generator)  within  a  magnetic  field.  By  seeding 
the  gases  with  potassium  or  cesium  salts,  they  are  Ionized  and  become 
electrically  conductive.  In  effect,  the  electrons  are  collected  on  the 
Inside  channel  surfaces,  and  electricity  Is  produced  for  transmission 
from  the  MHD  generator.  Current  research  is  directed  toward  developing 
materials  to  handle  the  hot  gases.  Improve  the  magnetic  field,  recover 
the  seeding  salts,  and  eliminate  the  sulfur  and  nitrogen  oxide  pollutants 
In  the  exhaust  gases. 

The  first  application  of  MHD  will  be  to  combine  It  with  a  conventional 
steam  cycle  generator.  The  exhaust  MHD  gases  still  contain  a  large  amount 
of  heat  and  can  be  used  to  fire  a  steam  generator.  MHD  used  as  a  "topping" 
unit  for  the  steam  cycle  Increases  the  overall  efficiency  by  some  10  - 
15  percent.  This  combination  is  analogous  to  the  use  of  gas  turbines 
with  a  steam  cycle  to  form  a  "combined  cycle"  plant. 

Fuel  Cell  Technology 

Efforts  to  develop  modern  hydrogen  oxygen  fuel  cell  technology  for  the 
power  program  have  been  pursued.  Gemini  space  missions  also  have  used 
hydrogen  oxygen  systems  for  electric  power. 

In  the  1960's  development  of  low  temperature  fuel  cells  was  begun. 

These  systems  used  -flethanol,  formic  acid  and  hydrazine.  Direct 
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oxidation  of  carbonaceous  fuels  Is  difficult  to  achieve  with  an  efficiency 
as  high  as  with  the  oxidation  of  hydrogen;  hydrocarbon  fuels  can  be 
reacted  with  steam  to  produce  hydrogen  rich  gas  for  consumption  In  fuel 
cells.  Such  systems  have  been  Investigated  In  the  last  decade  by  various 
groups  In  the  U.S.  and  Europe. 

Indirect  oxidation  of  carbonaceous  fuels  has  been  Investigated.  Several 
systems  have  been  developed  for  use  with  either  high  or  low  temperature 
fuel  cells  and  have  exhibited  good  performance.  Major  efforts  In  this 
area  started  1967  with  the  first  phase  which  has  become  a  six-year, 

50  million  dollar  program.  This  effort  Is  presently  being  sponsored 
by  31  gas  utilities  which  have  the  goal  of  developing  fuel  cell  systems 
using  natural  gas  (methane)  as  the  fuel. 

Attention  Is  currently  being  focused  on  efforts  to  use  fuel  cell  systems 
to  generate  large  blocks  of  electrical  power.  Generally  two  alternatives 
are  being  pursued.  One  for  the  central  power  station  application  and 
the  other  for  dispersed  generation  of  electric  power  In  substations. 

Work  on  the  central  station  application  Is  still  In  the  laboratory  and 
systems  study  phase  and  practical  field  hardware  has  not  yet  been  built. 
Westlnghouse  Electric  Corporation  has  been  engaged  in  some  development 
work  and  has  prepared  a  preliminary  design  for  a  100  KWe  electric  system 
based  on  gasification  of  coal  and  a  high  temperature  Zirconium  electrolyte 
fuel  cell.  Pratt  &  Whitney  announced  In  December  1973  a  $42  million  co¬ 
operative  program  with  nine  electric  utility  companies  to  develop  a  26,000 
KWe  fuel  cell.  Energy  system  concepts  using  the  thermal  and  electric 
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output  of  nuclear  reactors  to  produce  hydrogen  from  the  dlsassoelation 
of  water  Is  currently  under  investigation. 

Fuel  cells  have  potential  operational  problems  associated  with  the 
redistribution  of  catalyst,  with  the  resulting  reduction  in  the  effect 
of  reaction  surface  area.  In  addition  to  this  dominant  degradation 
mechanism,  there  is  also  a  finite  solubility  of  catalyst  in  the  elec¬ 
trolyte  which  further  reduces  the  active  surface  area.  The  secondary 
life  limiting  phenomena  is  corrosion  of  the  seal  and  current  collection 
compounds . 

If  fuel  cells  are  to  be  economically  applied  to  central  station  energy 
generation,  the  current  useful  cell  life  must  be  extended  beyond  the 
3,000  to  20,000  hours  presently  available.  The  fuel  cell  unit  design 
must  also  be  Improved  so  as  to  be  suitable  for  the  high  volume  production 
techniques  required  to  supply  thousands  of  cells  per  system,  which  will 
be  necessary  for  electric  generating  systems  in  the  multi-megawatt  range. 

Fuel  cell  systems  will  not  be  applied  to  any  significant  extent  to 
central  station  power  generation  until  economic  advantages  have  been 
realistically  demonstrated.  This  will  require  development  of  engineering 
experience  and  cost  reductions  in  a  number  of  areas. 

The  state  of  technology  of  fuel  cells  was  expanded  in  the  1960 's  and  is 
probably  sufficient  for  the  initial  prototype  fuel  cell  demonstration 
plants.  The  economic  and  operating  lifetime  characteristics  of  the  fuel 
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cell  will  limit  the  feasibility  of  the  fuel  cell  systems  for  central 
station  or  dispersed  power  generation  In  the  near  future.  Because  of 
the  availability  of  coal  and  uranium  reserves,  the  principle  development 
emphasis  will  be  on  the  fuel  cells  using  fuels  that  can  be  readily  pro¬ 
duced  by  gasification  of  coal  or  from  nuclear  reaction  processes. 

Utilization  of  fuel  cell  technology  seems  to  be  compatible  with  planning 
concepts  which  center  around  the  near  term  use  of  coal  and  the  long  term 
use  of  nuclear  energy.  This  technology  could  also  be  a  key  factor  In 
the  "hydrogen  energy  economy". 

Solar  Power 

Methods  for  utilizing  solar  energy  for  generating  electricity  are  basic¬ 
ally  of  two  kinds;  (1)  using  arrays  of  photovoltaic  cells  In  terrestrial 
locations  or  In  an  orbiting  space  station,  and  (2)  photothermal  conversion 
of  solar  radiation  to  heat  energy  and  subsequently  to  mechanical  and 
electrical  energy.  The  first  method  could  become  economically  feasible 
if  cells  costs  could  be  reduced  by  a  factor  of  at  least  one  hundred,  but 
even  so  certain  technical  difficulties  need  to  be  solved.  The  more 
promising  approach  Is  the  second  method,  which  is  now  technically 
feasible  and  shows  promise  of  being  economically  feasible. 

The  Federal  Energy  Research  and  Development  Administration  (ERDA)  and 
the  Electric  Power  Research  Institute  (EPRI)  are  dramatically  Increasing 
the  funding  of  solar  and  wind  power  research.  For  producing  electricity, 
the  central  receiver  system  looks  very  promising.  In  this  design. 
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pressurized  water  flows  to  a  receiver  located  at  the  top  of  a  tower  in 
the  center  of  a  circular  field  of  heliostats,  or  thermal  collectors. 

The  water  is  transformed  to  steam  and  then  drives  a  conventional  turbine 
generator.  Other  alternatives  are  also  in  advanced  stages  of  research, 
and  prototypes  will  be  constructed  in  the  late  1970' s. 

Several  important  problems  are  being  worked  on.  Because  collector 
efficiencies  are  still  relatively  low,  a  large  number  of  collectors  are 
needed.  For  example,  it  would  require  about  2500  acres  of  heliostats 
to  generate  1000  MWe  If  the  central  receiver  concept  were  used  in  the 
southwest.  Thus,  it  would  require  significantly  more  collectors  and 
land  to  generate  this  same  power  in  the  ESA,  because  the  average  solar 
radiation  is  much  less.  However,  progress  on  this  and  other  problems 
is  being  made,  and  it  is  expected  that  commercial  solar  thermal  plants 
will  be  in  operation  in  the  1990* s. 

Solar  heating  and  cooling  of  buildings  and  hot  water  heating  will  have 
significant  effects  on  reducing  electrical  demand  in  the  1980's. 

ERDA,  EPRI,  and  other  organizations  have  given  "solar  substitution" 
high  priority,  and  it  is  now  a  matter  of  essentially  refining  the 
technology  so  that  it  is  economically  competitive. 

Offshore  Floating  Nuclear  Plants 

Public  Service  Electric  and  Gas  Company  in  New  Jersey  announced  in  1972 
their  plans  to  have  in  commercial  operation  by  1980  a  1100  MWe  offshore 
floating  nuclear  power  plant.  This  nuclear  power  plant  was  to  be 
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followed  In  1981  by  another  1100  Mwe  unit,  but  the  two  units  have  been 
delayed  until  1985  and  1987,  respectively,  because  of  anticipated  reduc¬ 
tions  in  future  power  demand  and  financial  problems. 

There  are  differing  viewpoints  on  the  environmental  impact  resulting 
from  the  construction  and  operation  of  offshore  power  systems.  Risk  of 
disaster  such  as  ship  wrecks,  hurricanes,  tidal  waves,  earthquakes,  etc. 
as  they  might  affect  reliability  and  nuclear  safety  Is  of  concern.  In 
particular,  with  a  nuclear  power  plant  offshore,  there  Is  a  concern 
that  a  nuclear  incident  involving  radioactive  materials  would  expose 
people  to  large  doses  of  radiation.  However,  environmental  studies 
completed  so  far  on  offshore  plants  suggest  that  the  overall  environ¬ 
mental  and  socioeconomic  effects  are  less  than  those  for  land-based 
plants.  Environmental  reports  and  Safety  Analysis  Reports  have  been 
submitted  to  the  Nuclear  Regulatory  Commission,  as  well  as  to  the  Corps 
of  Engineers.  There  appears  to  be  no  question  as  to  the  technical 
feasibility  of  the  offshore  power  concept,  and  a  significant  potential 
exists  for  using  offshore  floating  plants. 

Hydrogen  Economy 

With  the  ready  availability  of  hydrogen  containing  compounds  in  the  world 
(water,  oil,  coal,  etc,),  the  use  of  hydrogen  as  a  fuel  has  often  been 
considered.  Its  advantages  He  in  its  extremely  clean  burning  and 
relative  availability.  Its  disadvantages  lie  in  storage  and  distribution 
problems.  It  is  very  explosive  when  mixed  with  air  or  other  oxidants  and 
much  more  chemically  reactive,  in  general,  than  are  the  hydrocarbons; 
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and  has  a  much  lower  energy  release  on  a  mole  per  mole  basis  than  do  the 
common  hydrocarbons  currently  being  used. 


Hydrogen  can  be  made  by  stripping  It  from  the  breakdown  products  of  water 
or  hydrocarbons  that  result  from  adsorption  of  energy  delivered  by  heat, 
electrical  discharge  or  electromagnetic  radiation.  It  can  also  be  pro¬ 
duced,  under  reasonably  controllable  circumstances,  as  a  by-product  when 
water  is  used  as  an  oxidant  with  hot  carbon  or  certain  metals.  Commer¬ 
cial  production  by  use  of  such  means  cannot  be  considered  economic  unless 
some  other  product  of  the  reaction  has  commercial  value  and  can  help  to 
underwrite  the  cost. 

Perhaps  the  most  economical  production  with  present  technology  lies  in 
the  oxidation  of  coal  using  water  as  the  oxidant,  an  old  process  leading 
to  "coal  gasification".  Second  in  line  Is  the  hydrogen  produced  in  and 
for  fertilizer  manufacture.  It  could  also  be  produced  electrolytically 
during  offpeak  operation  by  electrical  power  plants  (with  a  similar 
justification  to  that  used  for  pumped  storage  hydro,  momentum  wheels, 
etc.)  by  use  of  steam  In  the  coolant  lines  of  a  high  temperature  gas 
cooled  reactor  or  by  Intense  radiation  fields  present  in  stored  nuclear 
fuel  waste.  Technical  problems  of  separation  of  the  useful  products 
before  they  recombine  In  the  latter  two  techniques  are  manifold,  however. 
Solutions  to  the  safety  problems  of  transportation  of  storage  and  use  of 
hydrogen  are  in  the  offing.  Use  of  metal  or  organic  hydrides  may  make 
distribution  by  our  present  gas  pipelines  and  storage  systems  feasible. 

In  addition,  advances  in  metal /non-met.il  technology  can  potentially  lead 
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to  better  contalnneDt  of  this  element  or  Its  flamable  derivatives. 

However,  in  focusing  on  the  production  of  hydrogen,  the  fact  should  not 
be  missed  that  perhaps  an  even  better  fuel  from  the  standpoint  of  heat 
product,  ease  of  storage,  transportation,  and  overall  safety  lies  in 
the  development  of  an  alcohol  economy.  Use  of  methanol  fired  power  plants 
has  already  reached  the  pilot  stage,  and  was  stymied  only  by  the  present 
scarcity  of  the  material  (largely  produced  from  petroleum)  due  to  the 
fuel  crisis. 

The  prospects  for  the  hydrogen  economy  are  good,  depending  on  the  support 
given  by  federal  and  Industry  research.  With  the  spin  off  in  hydrogen 
handling  technology  from  the  space  agency  work,  many  of  the  problems  may 
be  considered  at  the  "pilot  plant"  stage  of  solution. 

Coal  Gasification 

The  development  of  coal  gasification  Is  a  sound  plan  for  several  reasons. 
First,  it  is  not  a  new  concept  and  use  of  methane/hydrogen  mixtures  for 
household  or  industrial  use  predated  use  of  natural  gas  for  such  purposes. 
These  gases  were  created  by  interaction  of  steam  with  ignited  coal  or 
coke.  Second,  almost  the  entire  country  is  blanketed  with  pipelines  that 
distribute  these  useful  fuels.  As  an  energy  distribution  network,  it 
rivals  that  of  the  electrical  system.  Third,  much  of  the  existing  economy 
is  dependent  on  supply  of  gaseous  fuels  for  power  production,  space 
heating  and  manufacturing  processes.  Fourth,  hydrocarbon  gases  are  a 
relatively  clean  fuel  that  do  not  lend  themselves  to  pollution  levels 
which  have  significant  ecologlc  or  social  Impact. 
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The  advances  In  technology  since  the  days  of  "coal  gas"  provides  several 
potential  means  for  gasifying  coal  to  obtain  different  useful  products 
as  well  as  Impurity  levels.  To  begin  with,  It  Is  certainly  much  more 
advantageous  to  gasify  coal  and  use  existing  pipelines  for  distribution 
than  it  Is  to  transport  the  coal  across  the  vast  distances  involved. 
Modem  requirements  for  low  sulfur  coal  burning  have  placed  curbs  on  many 
mines  located  nearer  to  the  large  demand  areas  and  have  required  and  will 
require  massive  upgrading  of  railroad  beds  in  order  to  carry  the  loads 
of  cars  (weighing  up  to  five  times  as  much)  and  the  length  of  "unit" 
trains . 

It  Is  also  much  more  economically  advantageous  to  install  means  for  re¬ 
moving  sulfur  and  other  noxious  constituents  at  a  central  location  rather 
than  to  provide  for  Individual  removal  techniques  by  the  users  which 
generally  focuses  on  a  more  refractory  form  of  the  sulfur.  Losses  of 
sulfur  in  minor  quantities  at  remote  locations  where  population  is  scant 
and  air  diffusion  is  high  can  be  tolerated  better  than  at  power  stations 
In  or  near  large  cities.  However,  a  potential  problem  with  gasification 
at  a  central  location  (such  as  a  mine-mouth  plant)  Is  that  the  process 
requires  large  quantities  of  water. 

In  the  long  view,  the  technology  can  be  expanded  beyond  the  coal  fields 
to  Include  tar  sands,  oil  shales,  carbonaceous  shales,  peats,  etc.,  and 
the  projection  of  energy  availability  from  such  geologically  contained 
carbon/hydrocarbon  concentrations  Is  exceptionally  high  with  available 
technology . 
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In  conclusion,  coal  gasification  appears  to  be  one  of  the  few  viable 
means  for  solving  the  short-term  power  dilemma  without  requiring  a 
massive  research  effort;  by  major  alteration  of  existing  distribution 
systems.  The  federal  government  and  the  utility  industry  are  giving 
high  funding  priority  to  developing  gasification  processes  for  widespread 
commercial  application. 

V.D.3  FUTURE  POWER  PLANT  SITING  OPTIONS 

In  a  previous  section  of  this  chapter,  the  existing  resource  mix  of 
power  plants  was  shown  to  be  distributed  In  the  following  subregions 
of  the  service  area: 

•  DRB  subregion 

•  SRB  subregion 

a  Coastal  subregion 

•  Subregion  consisting  of  areas  in  the  ESA  not  included 
In  the  first  three 

Figure  1  defines  the  above  subregions.  It  is  appropriate  to  mention 
again  that  the  coastal  subregion  includes  the  area  east  of  the  DRB, 
the  Atlantic  Ocean  coastline,  and  the  area  offshore  of  this  coastline. 

One  obviously  important  aspect  in  evaluating  future  power  development  In 
the  ESA  Is  to  determine  how  the  resources  of  these  subregions  can  best 
be  used  to  the  greatest  overall  advantage.  A  prerequisite  for  designing 
a  successful  future  siting  strategy  in  the  ESA  is  to  first  decide  on  the 
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allocations  of  new  generating  facilities  to  these  subregions.  After 
such  allocations  have  been  made,  plans  for  developing  the  needed  sites 
can  be  Implemented  with  knowledge  of  objectives  of  the  overall  siting 
strategy  In  mind. 

There  are  various  efforts  in  the  United  States  to  centralize  large  amounts 
of  generating  capacity  at  single  sites,  as  contrasted  to  siting  Individual 
plants  on  a  number  of  sites.  As  an  example,  Pennsylvania  in  coordination 
with  the  state  electric  utilities  Is  considering  an  energy  park  concept 
which  would  contain  a  mixture  of  nuclear  and  fossil  plants.  In  this 
concept  10,000  to  20,000  megawatts  of  capacity  would  be  installed  In  a 
single  energy  park.  The  study  Is  In  its  early  stages  but  candidate  sites 
have  been  Identified  as  a  result  of  preliminary  work.  The  benefits  and 
potential  problem  areas  attendant  to  locating  large  amounts  of  capacity 
in  a  single  energy  park  have  been  identified.  Examples  of  the  benefits 
are  the  following: 

•  Effective,  coordinated  land  use 

•  Minimized  siting  effort 

•  Power  plant  standardization 

•  Labor  force  stability 

Some  examples  of  potential  problem  areas  are  the  following: 

•  Public  acceptance 

•  Transmission  facilities 

•  Availability  of  large  amounts  of  water  for  cooling 

•  Site  acquisition 


In  depth  evaluations  of  the  above  areas  need  to  be  conducted  at  candidate 
park  sites  to  assure  environmental,  technical  and  economic  feasibility. 
Studies  so  far  have  Indicated  that  the  energy  park  concept  appears  to  be 
a  very  viable  method  for  the  future  siting  of  power  plants,  and  the  work 
In  Pennsylvania  will  continue  to  the  next  steps  of  evaluation. 

The  potential  for  offshore  siting  of  nuclear  plants  for  providing  power 
to  the  electric  service  area  Is  considered  to  be  very  high,  and  is  another 
area  which  needs  to  be  discussed  in  this  report.  The  engineering  and 
licensing  work  already  completed  on  Public  Service  Electric  and  Gas 
Company's  offshore  floating  nuclear  plant  demonstrates  the  viability 
of  this  option.  It  is  logical  to  aggressively  develop  offshore  siting 
for  power  plants  in  any  region  where  problems  related  to  population  density, 
limited  cooling  water  supplies,  geology  or  other  problems  make  it  in¬ 
creasingly  difficult  to  find  suitable  land-based  sites.  Effectively 
using  the  Atlantic  Ocean  resource  obviously  represents  a  potentially 
great  contribution  to  the  future  electric  power  needs  of  the  service 
area.  In  the  scenarios,  20  to  50  per  cent  of  the  year  2000  generating 
capacity  was  allocated  to  coastal  and/or  offshore  siting  areas.  The  effects 
on  water  consumption  and  numbers  of  sites  needed  in  both  the  DRB  and  SRB 
are  obviously  decreased  as  use  of  the  Atlantic  Ocean  for  plant  siting 
is  Increased.  These  results  are  explicitly  shown  in  the  scenario 
evaluations. 

A  purpose  of  Chapter  V  is  to  identify  options  for  allocating  future 
generating  facilities,  taking  into  account  the  differing  resources  and 
attributes  of  each  subregion,  but  not  to  continue  with  the  next  step 
of  Indicating  where  within  the  subregion  the  facilities  should  be  sited, 
as  this  Is  not  within  the  scope  of  work.  One  approach  which  seems 
reasonable  in  initiating  the  identification  of  such  options  is  to 
consider  the  present  siting  trends  in  the  ESA  and  then  establish  a 
basis  for  siting  future  plants.  This  basis  should  include  consideration 
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of  the  following: 


•  The  quantities  and  types  of  plants,  currently  in  commercial 
operation,  which  are  needed  to  satisfy  the  future  power 
demand  in  the  electric  service  area. 

•  The  quantities  and  types  of  plants  which  are  expected  to 
be  in  commercial  operation  at  some  future  time  and  which 
will  assist  the  present  day  technologies  in  meeting  the 
future  demand. 

•  The  resources  and  attributes  of  each  subregion  which  lend 
themselves  to  accomodating  present  and  future  generation 
technologies. 

After  consideration  of  the  above  factors,  for  example,  it  might  be  deter¬ 
mined  that  a  balanced  siting  program  Is  achieved  if  30  percent  of  the 
total  estimated  generating  facilities  in  2000  were  located  in  the  DRB, 

30  percent  in  the  SRB,  20  percent  in  the  coastal  region,  and  20  percent 
in  the  remaining  ESA  areas.  As  in  the  cases  of  future  power  demand  and 
the  makeup  of  the  future  resource  mix,  there  is  uncertainty  associated 
with  attempts  to  project  how  future  plant  siting  will  occur. 

This  uncertainty  can  be  addressed  by  using  the  eight  scenarios  identified 
in  the  introduction.  The  "1"  series  represents  probable  low  siting  in 


the  DRB.  The  future  range 

of  siting  uncertainty  is 

thought  to  be 

adequately  covered  by  the 

following  breakdowns: 

Probable  High  Siting 

Probable  Low  Siting 

ESA  Subregion 

in  DRB 

in  DRB 

DRB 

30% 

15% 

SRB 

30% 

15% 

Coastal 

20% 

50% 

Other 


20% 


20% 


About  23  percent  of  the  total  electric  service  area  capacity  is  presently 
located  in  the  DRB;  therefore,  using  30  percent  as  the  probable  high  and 
15  percent  as  the  probable  low  encloses  the  case  of  extending  the  present 
trend.  The  siting  variable  is  nearly  Independent  of  the  energy  supply  nix 
that  is,  each  ESA  subregion  can  accomnodate  the  types  of  plants  which  will 
be  used  to  meet  future  demand,  except  that  hydro  and  pumped  storage  would 
be  mainly  in  the  DRB  and  SRB. 

Rough  estimates  have  also  been  made  of  the  total  numbers  of  nuclear  and 
fossil  sites  needed  in  the  ESA  subregions.  It  has  been  assumed  that,  on 
the  average,  each  fossil  site  could  be  developed  to  an  ultimate  capacity 
of  1000  to  2000  MW  and  each  nuclear  site  to  an  ultimate  capacity  of 
2000  to  4000  MW.  Based  on  the  capacity  projected  for  each  region  by 
2000,  the  sites  needed  are  shown  in  Tables  5-10  through  5-17.  These 
estimates  of  the  sites  needed  in  each  scenario  are  based  strictly  on 
judgement,  and  are  not  intended  to  represent  the  results  of  a  careful 
study.  If  energy  parks  were  to  be  developed  in  the  ESA,  the  numbers  of 
sites  needed  would  be  significantly  reduced. 

Another  important  variation  Involves  the  number  of  present  and  future 
thermal  plants  which  must  use  evaporative  cooling  methods  Instead  of 
once-through  cooling  as  a  result  of  the  Environmental  Protection  Agency's 
(EPA)  new  regulations  (EPA,  Oct  1974;  EPA,  Sept  1974).  In  their  effect 
on  future  water  consumption  in  the  ESA,  these  regulations  create  addition¬ 
al  uncertainty  which  requires  evaluation.  If  they  are  stringently 
implemented,  it  is  possible  that  the  future  cooling  tower  to  once-through 
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ratio  could  be  on  the  order  of  3>1,  with  higher  power  plant  consumptive 
water  loss.  That  is,  three  theml  plants  %rould  be  using  evaporative 
cooling  for  every  plant  using  once-through  cooling.  If  they  are  im¬ 
plemented  in  a  liberal  sense,  perhaps  the  ratio  might  be  more  like  1:1. 
If  the  law  is  changed  on  the  basis  that  cost  and  water  consumption  out¬ 
weigh  water-related  environmental  effects,  the  ratio  could  be  on  the 
order  of  1:3,  with  decreased  power  plant  consumptive  water  loss. 

Since  it  is  not  at  all  clear  which  route  will  be  followed,  both  the 
high  and  low  ratios  are  evaluated  in  the  scenarios. 


V.D.4.  THE  ELECTRIC  UTILITIES  FUTURE  DEHAMD,  SUPPLY  AND  SITING  PROGRAM 


This  section  provides,  in  effect,  the  electric  utilities  scenario  for  the 
next  15  years.  As  a  result  of  the  many  factors  which  have  been  influencing 
future  power  demand,  the  utilities'  forecasts  have  been  changing  in  the  face 
of  great  uncertainty.  Figure  5  shows  the  1971  and  1974  load  forecasts  made 
by  the  Delaware  River  Basis  Electric  Utilities  group  which  represents  the 
major  portion  of  the  defined  ESA.  During  the  IS  year  period  1971  -  1986, 
the  1971  study  forecasted  an  average  annual  growth  rate  of  about  7.7%. 

During  the  15  year  period  1973  -  1988,  the  1974  study  forecasted  an  average 
annual  growth  rate  of  about  6.5%.  The  utlltles  are  preparing  new  forecasts 
which  will  probably  reflect  another  decrease  in  the  growth  rate  as  a  result 
of  the  extraordinary  circumstances  occurring  in  1974.  The  new  forecast 
may  well  indicate  a  near-future  average  annual  growth  of  about  5.5  to  6.0%. 

A  utility's  forecasts  are  usually  intentionally  conservative  because  it  is 
responsible  for  assuring  that  capacity  is  added  In  time  to  meet  customer 
demands.  In  this  sense,  it  seems  reasonable  for  these  forecasts,  which  need 
to  be  made  at  least  10  years  into  the  future  for  planning  purposes,  to 
represent  a  "probable  high"  power  demand.  Summary  statements  that  explain 
in  varying  detail  the  methods  used  to  forecast  future  power  demands  were 
reviewed  for  several  of  the  utility  companies  located  in  the  Electric 
Service  Area. 
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The  existing  methodology  has  evolved  in  each  utility  company  to  meet  its 
individual  needs.  These  methods  were  primarily  developed  under  the  com¬ 
paratively  stable  economic  framework  in  existence  prior  to  the  energy 
crisis  and  current  recession.  In  studying  the  various  factors  that 
Influence  power  growth  rates,  nearly  all  of  the  seven  utilities  considered 
in  this  review  analyze  their  customer's  power  requirements  by  the  following 
major  classes  of  service:  residential,  commercial  and  Industrial.  How¬ 
ever,  the  methods  in  use  vary  considerably  within  the  Electric  Service  Area. 

The  utilities'  projected  additions  to  their  existing  power  supply  are 
presently  being  revised  as  a  consequence  of  downward  revisions  in  the  future 
demand  estimates.  As  of  this  writing,  the  1974  Master  Siting  Plans  (as  modi¬ 
fied  by  the  utllties  in  early  1975)  reflect  the  latest  detailed  information 
as  to  the  planned  sizes  and . locations  of  new  generating  units.  The  major 
effect  of  reduced  demand  on  these  Plans  has  been  to  delay  the  proposed 
operation  dates  as  shown  in  them.  Figures  6  and  7  summarize,  as  of  early 
1975,  the  planned  or  proposed  additions  and  retirements  of  power  plants 
identified  by  the  utilities  operating  in  the  Delaware  and  Susquehanna 
River  Basins.  Each  figure  has  maps  of  the  respective  basis  showing  the 
locations  of  the  plants  described  on  the  tables.  Planned  or  proposed  plants 
are  listed  with  an  index  to  the  map  indicated  in  "upper  case"  letter  and 
appropriate  number,  e.g.  fossil  (P),  Nuclear  (N) ,  and  pumped  storage  (PS). 
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Flguza  V<-6  (coat'd.) 

FLAHMBD  or  proposed  ADDITKMS  AMD  RETIREMEMTS  OP  POWER  PLANTS 
IM  THE  DELAWARE  RIVER  BASIN  AMD  COASTAL  REGION  TO  19661^  (AS  OF  EARLY  1975) 

Electrical 

Capacity  Max.  Heat 

Type  Number  Name  (Owner)  Prod.  MN^ _ _ 


Foeell 
(F)  Series 


1 

Martins  Creek 

PPL 

1600 

2971 

2 

Gilbert 

GPU 

126 

800 

254 

1144 

3 

Burlington 

PSEG 

40 

122 

4 

Richmond 

PhE 

-233 

— 

6 

Delaware 

PhE 

-  78 

6 

Southwark 

PhE 

-369 

7 

Berne 

GPU 

800 

1142 

8 

Eyler 

GPU 

-  51 

9 

Cromby 

PhE 

-  12 

— 

10 

Barbadoes 

PhE 

-  6 

11 

Schuylkill 

PhE 

-  70 

— 

12 

Eddystone 

PhE 

800 

1274  avg 

13 

Greenwich 

ACE 

-  12 

— — 

14 

Chester 

PhE 

600 

-202 

849 

15 

Deepwater 

ACE 

-106 

16 

McKee  Run 

CDD 

100 

314 

Nuclear 
(N)  Series 

1 

Delayed 

Sub-total 

3721 

8070 

2 

Portland 

GPU 

1120 

2226 

3 

Upper  Delaware  River  PhE 

3000 

6590 

4 

Limerick 

PhE 

2110 

4627 

5 

Summit 

DPEL,  PE 

1540 

2518 

6 

Hope  Creek 

PSBG,  ACE 

2200 

4820 

7 

Salem 

PSEG,  others  2205 

4686 

8 

Pumped  Storage 
(^PS)  Series 

Delaware  Bay 

PSBG 

Sub-total 

2300 

14475 

4891 

30458 

PS 

Klttatlnny  Mountain  PSBG,  GPU 

1300 

Identified  by 

utilities  operating 

Total 

in  the  basin 

19496 

1974 

3852i“ 

0  10  20  30  40  so 


SCALE  IN  MILES 


LEGEND 


PROPOSED  ADDITIONS  AND  RETIREMENTS 

OF  POWER  PLANTS  IN  THE 
SUSQUEHANNA  RIVER  BASIN  TO  1988 


0  FOSSIL  (F)  SERIES  1  THRU  8 
0  NUCLEAR  (N)  SERIES  1  THRU  4 
0  PUMPED  STORAGE 


A  COMPREHENSIVE  STUCY  OF  THE 
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PLANNED  OR  PROPOSED  ADDITIONS  AND  RETIREMENTS  OF  POWER  PLANTS 
IN  THE  SUSQUEHANNA  RIVER  BASIN  AND  COASTAL  REGION  TO  19881^  (AS  OF  EARLY  1975) 

Electrical 


Type 

Number 

Name 

(Owner) 

Capacity 

MW 

e 

Max.  Heat 
Prod.  MW^ 

Fossil 

(F)  Series 

1 

Scottsvllle 

GPU 

800 

1142 

2 

Hanover 

LED-UGl 

600 

1025 

3 

Hunlock 

LED-UGI 

-43 

4 

Clearfield  County 

GPU 

800 

1142 

S 

Williamsburg 

GPU 

-30 

6 

Saxton 

GPU 

-35 

7 

Z-2 

PPL 

800 

978 

8 

Crawford 

GPU 

-111 

Nuclear 

Sub-total 

2781 

4287 

(N)  Series 

1 

Susquehanna 

PPL 

2100 

4264 

2 

Three  Mile  Island 

GPU 

1672 

3479 

3 

Peach  Bottom 

PhE, others  2130 

4785 

II  II 

ft 

-40 

4 

Fulton 

PhE 

2320 

3579 

Pumped  Storage 

Sub-total 

8182 

16107 

(PS)  Series 

PS 

Stony  Creek 

PPL 

1710 

Total 

12673 

20394 

1/  Identified  by  utilities  operating  in  the  basin 


The  tables  are  prepared  to  show  the  anticipated  capacity  of  the  plants  and 
the  heat  load.  If  any,  to  the  environment  should  the  plants  be  operated  at 
capacity  levels.  The  totals  shown  reflect  the  summing  of  both  additions 
and  retirements  for  the  respective  basins  to  1988. 

V.D.5  HYDROELECTRIC  AND  PUMPED  STORAGE  POTENTIAL 

ViD.5  (a)  Hydroelectric  Potential 

In  the  Delaware  River  Basin,  nearly  half  of  the  average  flow  comes  from 
the  relatively  high  country  lying  along  the  River  northeast  of  Port 
Jervis,  New  York.  Much  of  the  available  sidestream  capacity  of  that  region 
is  already  occupied  with  hydroelelectric  and  water  supply  developments. 

The  remaining  potential  would  appear  to  be  to  dam  the  river  itself.  How¬ 
ever,  Public  Law  90-542  (Wild  and  Scenic  Rivers  Act)  has  designated  this 
part  of  the  Delaware  as  a  potential  addition  to  the  national  system  of 
Wild  and  Scenic  Rivers.  Thus,  it  is  doubtful  that  the  upper  Delaware  has 
significant  potential  for  further  hydroelectric  development. 

The  southern  portion  of  the  basin  is  sufficiently  low  lying  and  populated 
to  present  little  opportunity  for  significant  hydroelectric  development. 
Only  the  Schuylkill , Lehigh,  Neversink  and  Musconetcong  Rivers  rise  in  suf¬ 
ficiently  high  country  to  consider  developing  further.  Unfortunately, 
the  drainage  basins  of  these  tributary  streams  are  limited  In  area,  and  the 
flow  from  them  Is  not  great  even  in  an  average  year  (their  combined  flow 
is  only  slightly  greater  than  the  Delaware  above  Port  Jervis).  Both  the 


Lehigh  and  Schuylkill  Rivers  are  already  developed  for  hydro  to  some  ex¬ 
tent,  and  their  valleys  are  occupied  by  Industry  (and  population)  that 
already  has  stressed  the  available  water  resources.  Estimates  by  the  Fed¬ 
eral  Power  Commission  Indicate  the  remaining  potential  consists  of  about 
750  MWe,  and  would  be  located  on  23  sites,  the  largest  of  which  is  150 
MWe  (FPC,  January  1972;  FPC,  June  1972). 

In  conclusion,  the  future  for  conventional  hydro  development  in  the  DRB 
is  limited,  partly  because  good  locations  are  lacking,  but  largely  because 
of  conflicts  with  existing  or  projected  land  and  water  use. 

V.D.5  (b)  Pumped  Storage  Potential 

The  availability  of  slack  electrical  generating  capacity  in  the  Delaware 
River  Basin  region  during  the  late  night  and  early  morning  hours  promotes 
the  consideration  of  various  devices  to  store  power.  One  of  the  feasible 
schemes  designed  to  do  this  is  a  pumped  storage  project. 

In  pumped  storage  projects,  a  given  amount  of  water  is  withdrawn  from  a 
river  system  and  placed  in  a  system  of  artificial  lakes,  at  least  one  of 
which  differs  markedly  in  elevation  from  another.  Except  for  makeup  water 
to  replace  that  lost  by  evaporation,  seepage,  or  dedicated  withdrawal,  the 
water  used  in  the  system  is  not  consumed.  It  is  passed  back  and  forth 
between  the  lakes,  propelled  by  pumps  to  an  upper  reservoir  and  then 
producing  electricity  in  falling  through  turbines  to  the  lower  reservoir. 
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Estimates  by  the  Federal  Power  Commission  indicate  that  there  are  about 
48,000  MWe  of  potential  pumped  storage  on  43  sites  in  the  basin  (FPC,  June, 
1972).  Many  of  these  sites  are  not  economically  feasible  now  and  probably 
will  not  be  competitive  with  alternative  power  sources  in  the  future.  Some 
will  be  developed  on  the  basis  of  economic  soundness  and  satisfaction  of 
the  region's  peak  power  requirements. 
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V.E.  DEVELOPMENT  OF  ELECTRIC  POWER  SCENARIOS 


The  methodology  used  in  developing  pertinent  scenarios  has  been 
described  throughout  the  preceding  sections  of  Chapter  V.  It  is  important 
to  emphasize  that  the  intent  of  these  analyses  is  to  define  limits  which 
bound  the  various  areas  of  uncertainty.  If  this  is  done  successfully, 
decision  makers  will  understand  the  options  which  are  available  to  them, 
and  can  establish  standards  and  regulations  which  will  support  desired 
long-range  objectives.  Figure  8  shows  in  summary  how  the  scenarios  are 
formed.  The  scenarios  evaluated  in  this  chapter  are  summarized  as  follows 

•  Scenario  A-1 

This  scenario  is  characterized  by  the  following  assumptions 
and  considerations  which  relate  to  electric  power  demand, 
power  supply,  siting,  and  water  consumption. 

a)  Probable  high  power  demand  in  the  electric  service  area. 

b)  Nuclear  dominates  the  resource  mix  as  a  result  of  a  strong 
national  commitment.  Some  HTGR  plants  with  dry  cooling 
are  Installed  during  1990  to  2000.  Small  amounts  of 
additional  fossil,  hydro,  gas  turbine,  pump  storage  and 
advanced  energy  conversion  plants  are  utilized. 

c)  Siting  of  new  plants  in  the  DRB  continues  at  a  higher  rate 
than  the  present  trend,  and  approximately  30%  of  the  new 
thermal  plants  Installed  in  the  electric  service  area  (ESA) 
are  located  in  the  DRB.  The  remaining  plants  are  located 
as  follows:  SRB  -  30%,  Coast  -  20%,  and  other  -  20%. 
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•  Scenario  A-2 


Same  as  A-1,  except  that  future  siting  in  the  DRB  occurs  at  a 
lower  rate  than  the  present  trend,  and  15%  of  the  new  thermal 
plants  Installed  in  the  ESA  by  2000  are  located  in  the  DRB. 

The  remaining  plants  are  located  as  follows:  SRB  -  15%, 

Coast  -  50%,  and  Other  -  20%. 

•  Scenario  B-1 

This  scenario  is  characterized  by: 

a)  Probable  low  power  demand  in  electric  service  area, 

b)  Nuclear  dominates  the  resource  mix  as  a  result  of  a  strong 
national  commitment.  Some  HTGR  plants  with  dry  cooling 
are  installed  during  1990  to  2000.  Small  amounts  of 
additional  fossil,  hydro,  gas  turbine,  pumped  storage  and 
advanced  energy  conversion  plants  are  utilized. 

c)  Siting  of  new  plants  in  the  DRB  continues  at  a  higher  rate 
than  the  present  trend,  and  approximately  30%  of  the  new 
thermal  plants  Installed  in  the  electric  service  area  (ESA) 
are  located  in  the  DRB.  The  remaining  plants  are  located 
as  follows:  SRB  -  30%,  Coast  -  20%,  and  Other  -  20%. 

•  Scenario  B-2 

Same  as  B-1,  except  that  future  siting  in  the  DRB  occurs  at  a 
lower  rate  than  the  present  trend,  and  15%  of  the  new  thermal 
plants  Installed  in  the  ESA  by  2000  are  located  in  the  DRB. 

The  remaining  plants  are  located  as  follows:  SRB  -  15%, 

Coast  -  50%,  and  Other  -  20%. 
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•  Scenario  C-1 


This  scenario  Is  characterized  as  follows: 

a)  Probable  high  power  demand  In  the  electric  service  area. 

b)  Nuclear  slowdown  Is  in  effect  (Intervenors,  political  leaders, 
and  public  leaders  succeed  In  preventing  expansion  of  nuclear 
power  at  the  levels  presently  planned  by  government  and 
industry) .  Accelerated  implementation  of  coal  gasification 
for  fossil  plants,  MHD,  fuel  cells,  solar,  and  other  tech¬ 
nologies  takes  place. 

c)  Siting  of  new  plants  in  the  DRB  continues  at  a  higher  rate 
than  the  present  trend,  and  approximately  30%  of  the  new 
thermal  plants  Installed  in  the  electric  service  area  (ESA) 
are  located  in  the  DRB.  The  remaining  plants  are  located 
as  follows;  SRB  -  30%,  Coast  -  20%,  and  Other  -  20%. 

•  Scenario  C-2 

Same  as  C-1,  except  that  future  siting  in  the  DRB  occurs  at 

a  lower  rate  than  the  present  trend,  and  15%  of  the  new  thermal 

plants  installed  in  the  ESA  by  2000  are  located  in  the  DRB. 

The  remaining  plants  are  located  as  follows:  SRB  -  15%, 

Coast  -  50%,  and  Other  -  20%. 

•  Scenario  D-1 

a)  Probable  low  power  demand  In  electric  service  area  is  assumed. 

b)  Nuclear  slowdown  In  effect  (intervenors,  political  leaders, 
and  public  leaders  succeed  in  preventing  expansion  of  nuclear 
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power  at  the  levels  presently  planned  by  government  and 
Industry) .  Accelerated  implementation  of  coal  gasification 
for  fossil  plants,  MHD,  fuel  cells,  solar,  and  other  advanced 
technologies  occurs. 

c)  Siting  of  new  plants  in  the  DRB  continues  at  a  higher  rate 
than  the  present  trend,  and  approximately  30Z  of  the  new 
thermal  plants  installed  in  the  electric  service  area  (ESA) 
are  located  in  the  DRB.  The  remaining  plants  are  located 
as  follows:  SRB  -  30%,  Coast  -  20%,  and  Other  -  20%. 

•  Scenario  D-2 

Same  as  D-1,  except  that  future  siting  in  the  DRB  occurs  at  a 
lower  rate  than  the  present  trend,  and  15%  of  the  new  thermal 
plants  installed  in  the  ESA  by  2000  are  located  in  the  DRB. 

The  remaining  plants  are  located  as  follows:  SRB  -  15%, 

Coast  -  50%,  and  other  -  20%. 

In  addition  to  the  eisht  scenarios  defined  above,  a  "nrobable"  or 
"subjective"  scenario  has  been  developed  by  selecting  intermediate  values 
between  the  extremes  of  the  power  demand,  power  supply,  and  plant  siting 
variables.  At  best,  this  is  a  subjective  undertaking  and  should  be 
Interpreted  as  such.  This  represents  only  one  of  a  number  of  "probable" 
scenarios  which  could  be  developed. 

The  results  of  the  scenario  evaluations  are  presented  in  Tables  10  through 
18,  The  assumptions  and  considerations  which  are  the  basis  for  each  scenario 
are  given  in  the  text  following  these  tables. 
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CAPACITY  &  DEMAND  va  TIME 


MAJOR  ASSUMPTIONS 

DEMAND  -  Probable  high 
(nominal  6Z  average  annual 
growth) 

SUPPLY  -  Rapid  Nuclear 
Expansion 

SITING  -  Probable  high  in 
DRB  (DRB  -  30X  of 
ESA  capacity; 
SRB-30%;  Coastal  - 
20%;  Other  -  20%) 


1965  1975  1985  1995  2005 

YEAR  2000  INSTALLED  CAPACITY  IN  ESA  BY  SUBREGIONS  (1000  MWe) 


NUCLEAR 

FOSSIL 

HYDRO 

NEW 

METHODS 

TOTAL 

SUB- 

REGION 

•  LWR 

•  HTGR 

LMFBR 

GAS 

TURBINE 

HTGR 

STEAM 

GAS 

TURBINE 

CONV 

PUMPED 

STORAGE 

FUELCELL 

SOLAR 

MHD.ETC 

DRB 

14.0 

^9 

ion 

14.0 

3.3 

1.0 

^9 

3.7 

47.8 

SRB 

14.0 

^9 

14.0 

3.3 

2.2 

iii 

3.7 

47.8 

COAST 

9.9 

3.6 

3.5 

9.9 

2.3 

- 

- 

2.7 

31.9 

OTHER 

9.9 

3.5 

3.6 

9.9 

2.3 

- 

- 

2.7 

31.9 

TOTAL 

47.8 

15.9 

15.9* 

47.8 

11.2 

3.2 

4.8 

12.8 

159.4 

*  Dry  Cooling 


Table  5-10  SCENARIO  A-1 
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CPS 


DRB  INSTALLED  THERMAL  CAPACITY  IN  2000  (1000  MWe) 


thermal  CAPACITY 

COOLING 

TOWERS* 

ONCE 

THROUGH* 

TOTAL 

NUCLEAR  (LUR.  HTCR) 

10.5 

3.5 

14.0 

NUCLEAR  (LMFBR) 

3.3 

1.1 

4.4 

FOSSIL  STEAM 

10.5 

3.5 

14.0 

TOTAL 

24.3 

9.1 

32.4 

*As8uta«s  7SZ  C.T.  and  25%  O.T. 


PEAK  EVAPORATION  RATE  vs  TIME 


Numbers  of  Sites 
Required  (Approx) 


kjCLEAR 

4 

FOSSIL 

DRB 

8 

12 

SRB 

8 

12 

Coastal 

7 

8 

Other 

7 

8 

(3)  Assumes  2000  to  AOOO 
MNe  per  site 

(4)  Assumes  1000  to  2000 
MNe  per  site 


Note:  Cooling  Mixture  Indicated  by: 

Curve  (1) :  75%  wet  cooling  towers 

25%  once-through  cooling 

Curve  (2):  75%  wet  cooling  towers 

25%  oncc'Chrough  cooling 


SCENARIO  A~1 


Table  5-10 
(continued) 
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1 


CAPACITY  &  mjMAND  vs  TIME 


MAJOR  ASSUMPTIONS  1 

■  "  i  I  ■  ■!  i 

;i 

DPIAND  -  Probable  high 
(nominal  6Z  average 
annual  growth) 

SUPPLY  -  Rapid  Nuclear  | 

Expansion 

SITING  -  Probable  low 
siting  In  DRB 
(15%  of  total 
capacity  In  DRB; 
SRB  -  15%,  Coast  — ! 
50%;  Other  -  20%) 


YEAR  2000  INSTALLED  CAPACITY  IN  ESA  BY  SUBREGIONS  (1000  MWe) 


NUCLEAR 

FOSSIL 

HYDRO 

NEW 

METHODS 

TOTAL 

SUB- 

REGION 

.urn 

•  HTGR 

LMFBR 

GAS 

TURBINE 

HTGR 

STEAM 

GAS 

TURBINE 

CONV 

IB 

rUELCELL 
SOLAR 
r'HD .  ETC 

DRB 

6.6 

B 

B 

6.6 

B 

3.0 

1.4 

23.9 

SRB 

6.6 

B 

B 

6.6 

B 

2.2 

1.8 

1.4 

23.9 

COAST 

24.8 

8.3 

8.3 

24.8 

6.5 

- 

- 

7.0 

79.7 

OTHER 

9.8 

B 

B 

9.8 

2.5 

- 

- 

3.0 

31.9 

TOTAL 

47.8 

15.9 

m 

47.8 

11.2 

3.2 

4.8 

12.8 

159.4 

*Dry  Cooling 


Table  5-11  SCENARIO  A-2 


'^• 


DRB  INSTALLED  THERMAL  CAPACITY  IN  2000  (1000  MWe) 


COOLING 

TOWERS* 

ONCE 

THROUGH* 

TOTAL 

NUCLEAR  (LWR,  HTGR) 

5.0 

1.6 

6.6 

NUCLEAR  (LMFBR) 

1.5 

0.6 

2.1 

FOSSIL  STEAM 

5.0 

1.6 

6.6 

TOTAL 

11.5 

3.8 

15.3 

*A8sunies  75%  C.T.  and  25%  O.T. 


PEAK  EVAPORATION  RATE  vs  TIME 


Numbers  of  Sites 
Required  (Approx) 


3  4 


NUCLEAR 

FOSSIL 

DRB 

5 

5 

SRB 

6 

5 

Coastal 

14 

20 

Other 

6 

8 

(3)  Assumes  2000  to  4000 
MWe  per  site 

(4)  Assumes  1000  to  2000 
MWe  per  site 


Note:  Cooling  Mixture  Indicated  by: 

Curve  (1):  75%  wet  cooling  towers 

25%  once-through  cooling 

Curve  (2) :  75%  wet  cooling  towers 

25%  once-through  cooling 


SCENARIO  A-2 
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Table  5-11 
(continued) 


CAPACITY  &  DEMAND  vs  TIME 


MAJOR  ASSUMPTIONS 

DEMAND  -  Probable  low 
(nominal  3%  average  annual 
growth) 

SUPPLY  —  Rapid  nuclear 
expansion 

SITING  —  Probable  high 
siting  in  DRB  (30%  of 
total  capacity  in  DRB; 

SRB  -  30%;  Coast  -  20%; 
Other  -  20%) 


YEAR  2000  INSTALLED  CAPACITY  IN  ESA  BY  SUBREGIONS  (1000  MWe) 


NUCLEAR 

Fos; 

>IL 

EIYDRO 

NEW 

METHODS 

TOTAL 

SUB- 

REGION 

•  LWR 
.HTGR 

LMFBR 

GAS 

rURBINE 

HTGR 

STEAM 

GAS 

TURBINE 

CONV 

PL'MPED 

STORAGE 

FUELCELL 
SOLAR 
MHD . ETC 

DRB 

4.2 

1.7 

2.1 

8.8 

2.1 

0.8 

1.5 

1.4 

22.6 

SRB 

4.2 

1.7 

2.1 

8.8 

2.1 

0.7 

1.6 

1.4 

22.6 

COAST 

3.3 

1.1 

0.7 

7.1 

2.4 

- 

- 

0.5 

15.1 

OTHER 

3.4 

1.1 

0.7 

7.0 

2.4 

- 

- 

0.5 

15.1 

TOTAL 

15.1 

5.6 

5.6  * 

31.7 

9.0 

1.5 

3.1 

3.8 

75.4 

*Dry  Cooling 


Table  5-12  SCENARIO  B-1 
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CFS 


DRB  INSTALLED  THERMAL  CAPACITY  IN  2000  (1000  MWe) 


COOLING 

TOWERS* 

ONCE 

THROUGH* 

TOTAL 

NUCLEAR  (LWR,  HTCR) 

3.1 

1.1 

4.2 

NUCLEAR  (LMFBR) 

1.3 

0.4 

1.7 

FOSSIL  STEAM 

6.6 

2.2 

8.8 

TOTAL 

11.0 

3.7 

14.7 

♦Assumes  75Z  C.T.  and  25Z  O.T. 


PEAK  EVAPORATION  RATE  vs  TIME 


Note:  Cooling  Mixture  Indicated  by: 


Numbers  of  Sites 
Required  (Approx) 


NUCLEAR 

FOSSIL 

DRB 

4 

7 

SRB 

4 

7 

Coastal 

2 

6 

Other 

2 

6 

(3)  Assumes  2000  to  4000 
MWe  per  site 

(4)  Assumes  1000  to  2000 
MWe  per  site 


Curve  (1):  75Z  wet  cooling  towers 

25Z  once-through  cooling 


Curve  (2):  75Z  wet  cooling  towers 

2SZ  once~through  cooling 


SCENARIO  B-1 


Table  5-12 
(continued) 


CAPACITY  &  DEMAND  vs  TIME 


1965  1975  1985  1995  2005 


MA.IOR  ASSUMPTIONS 

i;EI<AND  "  Probable  low 
(nominal  3%  average 
annual  growth) 

SUPPLY  -  Rapid  nuclear 
expansion 

SITING  -  Probable  low 
siting  in  DRB  (15%  of 
total  capacity  in  DRB; 
SRB  -  15%;  Coast  -  50%; 
Other  -  20%) 


1 

! 

J 


i 


YEAR  2000  INSTALLED  CAPACITY  IN  ESA  BY  SUBREGIONS  (1000  MWe) 


NUCLEAR 

FOSSIL 

HYDRO 

NEW 

METHODS 

TOTAL 

SUB- 

REGION 

•  LWR 
.HTGR 

L.HFBR 

GAS 

rURBINE 

HTGR 

STEAM 

GAS 

rURSINI 

CONV 

PUMPED 

STORAGE 

FUELCELl 
SOLAR 
>^0 .  ETC 

DRB 

2.0 

0.6 

0.6 

4.5 

1.0 

0.7 

1.5 

0.4 

11.3 

SRB 

2.0 

0.6 

0.6 

4.4 

0.9 

0.8 

1.6 

0.4 

11.3 

COAST 

8.0 

3.1 

3.1 

16.2 

5.1 

- 

- 

2.2 

37.7 

OTHER 

3.1 

1.3 

1.3 

6.6 

2.0 

- 

- 

0.8 

15.1 

TOTAL 

15.1 

5.6 

if 

5.6 

31.7 

9.0 

1.5 

3.1 

3.8 

75.4 

*Dry  Cooling 


Table  5-13  SCENARIO  B-2 


I 


DRB  INSTALLED  THERMAL  CAPACITY  IN  2000  (1000  MWe) 


COOLING 

TOWERS* 

ONCE 

THROUGH* 

TOTAL 

NUCLEAR  (LWR,  HTGR) 

1.5 

0.5 

2.0 

NUCLEAR  (LMFBR) 

0.6 

— 

0.6 

FOSSIL  STEAM 

3.4 

1.1 

4.5 

TOTAL 

5.5 

1.6 

7.1 

*Assumes  75%  C.T.  and  25%  O.T. 


PEAK  EVAPORATION  RATE  vs  TIME 


lOOOi 


c/i 

Cb 

u 


— 

(1) 

i 

h 

— 

(2) 

1965 


1975 


1985 

YEAR 


1995 


2005 


Numbers  of  Sites 
Required  (Approx) 


3  4 

NUCLEAR  FOSSIL 

DRB 

2 

4 

SRB 

2 

4 

Coastal 

6 

13 

Other 

4 

6 

(3)  Assumes  2000  to  4000 
MWe  per  site 

(4)  Assumes  1000  to  2000 
MWe  per  site 


Note:  Cooling  Mixture  Indicated  by: 

Curve  (1):  75%  wet  cooling  towers 

25%  once-through  cooling 

Curve  (2):  75%  wet  cooling  towers 

25%  once-through  cooling 


SCENARIO  B-2 


Table  5-13 
(continued) 
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CAPACITY  &  DEMAND  vs  TIME 


200 


150 


100 


50 


0 


YEAR  2000  INSTALLED  CAPACITY  IN  ESA  BY  SUBREGIONS  (1000  MWe) 


■  —  ■  —  ■ 

NUCLEAR 

FOSSIL 

HYDRO 

NEW 

METHODS 

TOTAL 

SUB- 

REGION 

.LWR 

.HTGR 

LMFBR 

GAS 

rURBINE 

HTGR 

STEAM 

GAS 

rURBINi 

CONV 

PUMPED 

STORAGE 

FUELCELL 
SOLAR 
’fHD .  F.Tf 

DRB 

4.6 

2.2 

2.0 

23.0 

3.0 

1.0 

5.0 

7.0 

47.8 

SRB 

4.6 

2.2 

2.1 

20.4 

2.6 

3.8 

6.1 

6.0 

47.8 

COAST 

3.4 

1.8 

2.0 

16.4 

2.8 

- 

- 

5.5 

31.9 

OTHER 

3.3 

1.8 

1.9 

16.7 

2.7 

- 

- 

5.5 

31.9 

TOTAL 

15.9 

8.0 

8.0  * 

76.5 

11.1 

4.8 

11.1 

24.0 

159.4 

*Dry  Cooling 


Table  5-14  SCENARIO  C-1 
V-B?. 


I 


DRB  INSTALLED  THERMAL  CAPACITY  IN  2000  (1000  MUe) 


COOLING 

TOWERS* 

ONCE 

THROUGH* 

TOTAL 

NUCLEAR  (LWR,  HTCR) 

3.4 

1.2 

4.6 

NUCLEAR  (LMFBR) 

1.6 

0.6 

2.2 

FOSSIL  STEAM 

17.3 

5.7 

23.0 

TOTAL 

22.3 

7.5 

29.8 

^Assumes  7SZ  C.T.  and  2SZ  O.T. 


PEAK  EVAPORATION  RATE  vs  TIME 


Note:  Cooling  Mixture  Indicated  by: 

Curve  (1):  7SZ  wet  cooling  cowers 

25Z  once-through  cooling 


Numbers  of  Sites 
Required  (Approx) 

3  A 


NUCLEAR 

FOSSIL 

DRB 

4 

18 

SRB 

4 

16 

Coastal 

4 

13 

Other 

4 

13 

(3)  Assumes  2000  to  4000 
MWe  per  site 

(4)  Assumes  1000  to  2000 
MWe  per  site 


Curve  (2):  7SZ  wet  cooling  towers 

2SZ  once'through  cooling 


SCENARIO  C-1 


Table  5-14 
(continued) 
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CAPACITY  &  DEMAND  vs  TIME 


MAJOR  ASSUMPTIONS 

DEMAND  -  Probatle  high 
(nominal  6%  average  annual 
growth) 

SUPPLY  -  Nuclear  slowdown 

SITING  -  Probable  low  sltinj 
In  the  DRB  (15%  of  total 
capacity  in  DRB;  SRB  -  15%; 
Coast  -  50%;  Other  -  20%) 


YEAR  2000  INSTALLED  CAPACITY  IN  ESA  BY  SUBREGIONS  (1000  MWe) 


NUCLEAR 

FOSSIL 

HYDRO 

NEW 

methods 

TOTAL 

SUB- 

REGION 

.LTO 
•  HTGR 

LMFBR 

GAS 

rURBINE 

HTGR 

STEAM 

GAS 

rURBINI 

CONV 

PUMPED 

STORAGE 

FUELCELL 

SOLAR 

MHD.ETC 

DRB 

B 

1.0 

1.0 

m 

B 

B 

5.0 

3.7 

23.9 

SRB 

D 

D 

m 

8.0 

n 

3.8 

6.1 

2.5 

23:9 

COAST 

9.2 

D 

4.8 

42.2 

5.9 

- 

- 

13.0 

79.7 

OTHER 

3.9 

1.8 

B 

17.3 

2.5 

- 

- 

4.8 

31.9 

TOTAL 

15.9 

8.0 

m 

76.5 

11.1 

4.8 

11.1 

24.0 

159.4 

*Dry  Cooling 


Table  5-15  SCENARIO  C-2 
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DRB  INSTALLED  THERMAL  CAPACITY  IN  2000  (1000  MWe) 


COOLING 

TOWERS* 

ONCE 

THROUGH* 

TOTAL 

NUCLEAR  (Ll/R.  HT3R)  I 

1.3 

0.4 

1.7 

NUCLEAR  (LMFBR)  | 

i-o  ' 

" 

1.0 

fossil  steam  1 

6.7 

2.3 

9.0 

TOTAL  1 

9.0 

2.7 

11.7 

*Assumes  75%  C.T.  and  25%  O.T. 


PEAK  EVAPORATION  RATE  vs  TIME 


lOOOf 


M 

to 

U 


50( 


■ 

L 

H 

iim 

ifli 

a 

- - 

(2) 

1965 


Note: 


1975 


1985 

YEAR 


1995 


Cooling  Mixture  Indicated  by: 

Curve  (1):  75%  wet  cooling  towers 

25%  once-through  cooling 

Curve  (2):  75%  wet  cooling  towers 

25%  once-through  cooling 


Numbers  of  Sites 
Required  (Approx) 


3  4 

NUCLEAR  FOSSIL 

A 

c 

7 

- 1 

SRB 

2 

7 

Coastal 

8 

28 

Other 

4 

13 

2005 


(3)  Assumes  2000  to  4000 
MWe  per  site 

(4)  Assumes  1000  to  2000 
MWe  per  site 


SCENARIO  C-2 


Table  5-15 
(continued) 
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CAPACITY  &  DEMAND  vs  TIME 


MAJOR  ASSUMPTIONS 

DEMAND  *■  Probable  low 
(nominal  3Z  average 
annual  growth) 

SUPPLY  -  Nuclear  slowdown 

SITING  -  Probable  high 
siting  in  DRB;  SRB  -  30%; 
Coast  -  20%;  Other  -  20%) 


YEAR  2000  INSTALLED  CAPACITY  IN  ESA  BY  SUBREGIONS  (1000  MWe) 


NUCLEAR 

FOSSIL 

HYDRO  1 

NEW 

METHODS 

TOTAL 

SUB- 

REGION 

•  LWR 
.HTGR 

LMFBR 

GAS 

rURBINE 

HTGR 

STEAM 

GAS 

rURBINI 

CONV 

PUMPED 

STORAGE 

FUELCELL 

SOLAR 

!WD.ETC 

DRB 

3.2 

D 

0.8 

10.0 

2.7 

0.8 

2.2 

2.2 

22.6 

SRB 

m 

D 

m 

10.0 

2.6 

1.5 

2.3 

2.0 

22.6 

COAST 

2.6 

0.8 

0.8 

m 

1.9 

- 

- 

1.7 

15.1 

OTHER 

2.5 

0.8 

D 

1.8 

- 

- 

1.7 

15.1 

TOTAL 

11.3 

IB 

m 

34.7 

9.0 

2.3 

4.5 

7.6 

75.4 

*Dry  Cooling 


Table  5-16  SCENARIO  D-1 
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I 


DRB  INSTALLED  THER>UL  CAPACITY  IN  2000  (1000  MWe) 


ONCE 

THROUGH* 

TOTAL 

NUCLEAR  (LWR,  HTGR) 

2.4 

0.8 

3.2 

NUCLEAR  (LMFBR) 

0.7 

- 

0.7 

FOSSIL  STEAM 

7.5 

2.5 

10.0 

TOTAL 

10.6 

3.3 

13.9 

*Assumes  75%  C.T.  and  25%  O.T. 


PEAK  EVAPORATION  RATE  vs  TIME 


Numbers  of  Sices 
Required  (Approx) 


NUCLEAR 

FOSSIL 

DRB 

2 

9 

SRB 

2 

9 

Coastal 

2 

7 

Ocher 

2 

7 

(3)  Assumes  2000  to  4000 
MMe  per  site 

(4)  Assumes  1000  to  2000 
Mt/e  per  site 


Note:  Cooling  Mixture  Indicated  by: 

Curve  (1):  75%  wet  cooling  cowers 

25%  once-chrough  cooling 

Curve  (2):  75%  wet  cooling  Covers 

25%  oncc-chrough  cooling 


SCENARIO  D-1 


Table  5-16 
(continued) 
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CAPACITY  &  DEMAND  V8  TIME 


MAJOR  ASSUMPTIONS 


DEMAND  -  Probable  low 
(nominal  3Z  average 
annual  growth) 

SUPPLY  -  Nuclear  slowdown 

SITING  -  Probable  low 
siting  in  DRB  (15%  of 
total  capacity  in  DRB; 

SRB  -  15%;  Coast  -  50%; 
Other  -  20%) 


YEAR  2000  INSTALLED  CAPACITY  IN  ESA  BY  SUBREGIONS  (1000  MUe) 


NUCLEAR 

FOSJ 

5IL 

HY 

DRO 

NEW 

METHODS 

TOTAL 

SUB- 

REGION 

.LWR 

.HTGR 

LMFBR 

GAS 

rURBINE 

HTGR 

STEAM 

GAS 

rURBINE 

CONV 

PUMPED 

STORAGE 

FUELCELL 

SOLAR 

>™-ETC 

DRB 

2.0 

- 

- 

4.2 

1.1 

0.8 

2.2 

1.0 

11.3 

SRB 

1.7 

- 

- 

4.0 

0.9 

1.5 

2.3 

0.9 

11.3 

COAST 

5.5 

2.0 

2.0 

19.0 

5.1 

- 

- 

4.1 

37.7 

OTHER 

2.1 

1.0 

1.0 

7.5 

1.9 

- 

- 

1.6 

15.1 

TOTAL 

11.3 

3.0 

* 

3.0 

34.7 

9.0 

2.3 

4.5 

7.6 

75.4 

*Dry  Cooling 


Table  5-17  SCENARIO  D- 


2 
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CFS 


I 


DRB  INSTALLED  THERMAL  CAPACITY  IN  2000  (1000  MWe) 


COOLING 

TOWERS* 

ONCE 

THROUGH* 

TOTAL 

NUCLEAR  (LWR,  HTCR) 

1.5 

0.5 

2.0 

NUCLEAR  (LMFBR) 

- 

- 

FOSSIL  STEAM 

3.1 

1.1 

4.2 

TOTAL 

4.6 

1.6 

6^2  ' 

*Assumes  73%  C.T.  and  25%  O.T. 


PEAK  EVAPORATION  RATE  vs  TIME 


looa 


Numbers  of  Sites 
Required  (Approx) 


— 

—  ' 

3 

NUCLEAR 

4 

FOSSIL 

DRB 

1 

4 

SRB 

1 

4 

— 

Coastal 

3 

18 

(1) 

Other 

3 

6 

L(2)J 

(3)  Assumes  2000  to  4000 

1965 


1975 


1985 

YEAR 


1995 


2005 


(4)  Assumes  1000  to  2000 
MWe  per  site 


Mote:  Cooling  Mixture  Indicated  by: 

Curve  (1):  75%  wet  cooling  towers 

25%  once'through  cooling 

Curve  (2) :  75%  vet  cooling  towers 

25%  once~through  cooling 


SCENARIO  D-2 


Table  5-17 
(continued) 
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BASIS  FOR  PROBABLE  (SUBJECTIVE)  SCENARIO 


I.  Electric  Power  Demand  Growth  in  the  electric  service  area  is  assumed 

to  decrease  gradually  in  comparison  to  previous  growth  rates  as  follows: 

-  5.5%  during  1975  -  1982 

-  A. 5%  during  1983  -  1990 

-  3.5%  during  1991  -  2000 

The  year  2000  power  demand  is  about  95,000  MW  using  these  growth  rates, 
and  the  capacity  needed  is  about  110,000  MW  for  15%  reserve  margin. 

II.  Electric  Power  Supply  in  2000  assumes  substantial  installations  of 
nuclear  power,  although  not  on  the  scale  of  Scenario  A.  Nuclear 
capacity  is  added  at  an  average  rate  of  about  1800  MWe  per  year  during 
1975  -  2000.  Coal-fired  steam  plants  accounts  for  much  of  the  remain¬ 
ing  capacity,  but  not  on  the  scale  of  Scenario  C.  Hydro  and  pumped 
storage  are  developed  almost  to  the  levels  of  Scenario  C. 

III.  Power  Plant  Siting  in  the  DRB  is  assumed  to  continue  at  slightly  less 
than  the  present  trend  (about  23%).  In  2000,  the  DRB  contains  20%  of 
the  capacity  serving  the-ESA. 

Summary  -  Based  on  the  above,  this  scenario  is  shown  in  the  following: 
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CAPACITY  A  DEMAND  vs  TIME 


YEAR  2000  INSTALLED  CAPACITY  IN  ESA  BY  SUBREGIONS  (1000  MUe) 


•Dry  Cooling 


Tsble  5-18  PROBABLE  SCENARIO 
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CFS 


I 


DRB  INSTALLED  THERMAL  CAPACITY  IN  2000  (1000  MWe) 


COOLING 

TOWERS* 

ONCE 

THROUGH* 

TOTAL 

NUCLEAR  (LWR,  HTGR) 

4.1 

1.4 

5.5 

NUCLEAR  (LMFBR) 

1.0 

— 

1.0 

FOSSIL  STEAM 

5.6 

1.9 

7.5 

TOTAL 

10.7 

3.3 

14.0 

♦Assumes  75%  C.T.  and  25%  O.T. 


PEAK  EVAPORATION  RATE  vs  TIME 


Note:  Cooling  Mixture  Indicated  by: 


Numbers  of  Sites 
Required  (Approx) 

3  4 


NUCLEAR 

FOSSIL 

DRB 

4 

7 

SRB 

4 

7 

Coastal 

9 

12 

Other 

5 

7 

(3)  Assumes  2000  to  4000 
MWe  per  site 

(4)  Assumes  1000  to  2000 
MWe  per  site 


Curve  (1): 
Curve  (2): 


75%  wet  cooling  towers 
25%  once-through  cooling 

75%  wet  cooling  towers 
25%  once-through  cooling 


PROBABLE  SCENARIO 
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Table  5-18 
(continued) 


BASIS  FOR  SCENARIOS  A-1  and  A-2 


Probable  High  Power  Demand  -  Nuclear  Dominant  Resource  Mix 

I.  Electric  Power  Demand  In  the  electric  service  area  Increases  at 
an  annual  growth  rate  of  6.0%  during  1975  -  1990  and  5.5%  during 
1991  -  2000. 


Assumptions  and  Considerations  (1975  -  2000) 

•  General  economic  growth  Is  similar  to  that  experienced 
during  1950  -  1975,  although  somewhat  reduced. 

a  Population  growth  Is  1.3%  per  year  (avg) 

m  Per  capita  Income  growth  Is  3.0%  per  year  (avg) 

•  Electric  power  price  Increases  are  Implemented  on  a 
low-key  basis  and  have  only  a  slight  dampening  effect 
on  demand. 

•  Conservation  measures;  such  as,  better  Insulation  in 

new  buildings.  Increasing  electric  appliance  efficiencies, 
reducing  lighting  requirements,  constructing  "low-energy" 
buildings;  are  Implemented  on  a  low-key  basis.  Rationing 
of  electricity  does  not  occur. 

•  Solar  space  heating  and  cooling  and  water  heating 
Installations  In  new  buildings  have  a  minor  effect  in 
reducing  demand. 

•  The  Increasing  scarcity  of  fossil  fuels  results  In 
some  substitution  of  electricity  for  such  fuels. 
Development  takes  place  In  transportation  electrification 
(autos,  trucks,  etc.)  and  converting  end-use  space 
heating,  water  heating,  cooking,  Industrial  processes, 
etc.,  to  electricity.  The  "electric  economy"  offsets 
some  of  the  gains  In  demand  reduction  achieved  as  a 
result  of  price  Increases,  conservation  measures,  and 
use  of  solar  energy. 


II.  Electric  Power  Supply  In  the  electric  service  area  is  provided 
by  accelerated  Installations  of  nuclear  power,  with  lesser 
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dependence  on  coal  gasification,  oil  and  natural  gas,  and  advanced 
energy  conversion  technologies. 


Assumptions  and  Considerations  (1975  -  2000) 

•  A  strong  national  commitment  to  nuclear  power  evolves  because: 

-  Questions  concerning  nuclear  safety,  radioactive  waste 
disposal,  and  environmental  effects  are  resolved  to  the 
satisfaction  of  most  public  and  political  leaders. 

-  A  national  energy  policy  limits  the  amounts  of  fossil  fuels 
which  can  be  used  in  producing  electricity. 

-  Coal  gasification  which  could  provide  clean  boiler  fuel 
Is  limited  because  coal  mining  regulations  continue  to 
be  stringent. 

•  The  Liquid  Metal  Fast  Breeder  Reactor  (LMFBR)  development 
is  successful,  and  commercial  installations  begin  in  the 
late  1980' a.  Thus,  uranium  fuel  reserves  are  extended 
indefinitely. 

•  The  Gas  Turbine  High  Temperature  Gas-Cooled  Reactor  (HTGR) 
development  is  successful,  and  commercial  Installations 
begin  in  the  early  1990’ s.  Dry  cooling  towers  are  used. 

•  Research  and  development  of  non-nuclear  advanced  energy 
conversion  continues,  but  not  with  the  strong  commitment 
given  to  nuclear  power: 

-  Some  Installations  of  fuel  cells,  MHD  generators,  and 
flywheel  generators  are  made  during  1975  -  2000. 

-  Some  installations  of  solar  thermal  plants  and  compressed 
air  storage  plants  are  made  during  1990  -  2000. 

-  Fusion  plants  are  not  commercial  by  2000. 

•  Based  on  the  above  assumptions,  the  resource  mix  in  the 
electric  service  area  by  2000  Is  projected  to  be: 

-  Nuclear  (50Z  of  total  Installed  capacity  in  2000) 

-  LWR  and  HTGR  Steam  (30%) 

-  LMFBR  and  Gas  Turbine  HTGR  (20%) 

-  Fossil  (37%) 

-  Steam  (30%) 

-  Gas  Turbine  and  Diesel  (7%) 
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-  Hydroelectric  (5%) 

-  Conventional  (2%) 

-  Pumped  Storage  (3%) 


-  Advanced  Energy  Conversion  (8%) 

Solar  thermal,  fuel  cells,  MHD,  flywheels,  compressed  air 
storage,  and  others 


III.  Power  Plant  Siting  in  the  electric  service  area 


Assumptions  and  Considerations  (1975  -  2000) 

•  Dry  cooling  is  not  used  with  the  thermal  plants  because 
of  prohibitive  power  penalties  and  additional  costs. 

Dry  cooling  is  used  with  the  Gas  Turbine  HTGR. 

•  The  four  major  siting  subregions  within  the  electric 
service  area  are  defined  as: 

-  The  Delaware  River  Basin  (less  the  estuary  portion 
of  the  Delaware  Bay  approximately  south  of 
Salem,  N.J.);  i.e.  freshwater  region  of  DRB 

-  The  Susquehanna  River  Basin  -  freshwater  region 

-  The  Atlantic  Coast,  including  offshore  waters, 
and  the  Delaware  Bay  estuary  region 

-  Other  portions  of  ESA 

By  2000,  the  total  capacity  is  assumed  to  be  allocated  for 


Scenarios 

1  and  2  as  follows: 

Scenario  1 

Scenario  2 

DRB 

30Z 

15% 

SRB 

30% 

15% 

Coastal 

20% 

50% 

Other 

20% 

20% 

•J..J  •  .■■■■. 


v-q.s 


Basis: 


UlUWUlipiiUHUJimiW 


The  siting  allocation  in  column  1  is  representative  of  an 
Increased  siting  rate  in  the  DRB  (and  SRB)  in  comparison  to 
the  present  trend  (about  23%) .  Column  2  represents  a  decreased 
siting  rate  In  the  DRB  (and  SRB) ,  with  the  coastal  region 
being  heavily  called  upon.  This  basically  assumes  that  many 
nuclear  plants  would  be  sited  offshore,  and  fossil  plants 
would  be  sited  at  coastal  and  estuary  locations. 

a  The  EPA's  power  plant  effluent  control  regulations  are 
stringently  enforced,  and  75%  of  the  above  thermal  plants 
In  the  DRB  subregion  use  evaporative  cooling  (wet  towers, 
spray  canals,  wet/dry  towers)  and  25%  use  once-through 
cooling.  Similarly,  the  SRB  has  a  75/25  split.  The  coastal 
subregion  Is  all  once-through. 


•  Power  plant  water  evaporation  (1975  -  2000) 

Evaporation  Is  determined  for  peak  periods,  as  opposed  to 
annual  averages  or  annual  total  consumption,  because  peak 
evaporation  Is  the  result  of  high  power  demand  during  the 
summer  and  occurs  in  coincidence  with  low  river  flows. 

-  At  time  of  peak  power  demand,  nuclear  and  fossil 
base  load  plants  are  assumed  to  be  operating  at 
90%  capacity  factor. 

-  Evaporation  rates  coincident  with  summertime  peak  power 
demand  are: 


Evap.  Cooling 

Once-through 

Systems 

Cooling 

Nuclear 

0.024 

0.013 

Fossil 

0.017 

0.0094 

EVAPORATION  RATES  IN  CFS 

PER  MWe 

(see  Section  V.F  for  further  discussion) 

1)  For  cooling  towers  during  summer,  90%  of  heat  load 
rejected  by  evaporation 

2)  For  once-through  cooling  during  summer,  50%  of  heat 
load  rejected  by  evaporation 

3)  Nuclear  efficiency  is  33% 

4)  Fossil  efficiency  is  40% 
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Table  5-19  FORECAST  OF  ELECTRIC  SERVICE  AREA 


CAPACITY  IN  1000 's  MWe 


Present 

Capacity 

1974 

Increa^^ 

During 

1975-1990 

Increi^^ 
During 
1990- 200C 

Total 
Capacity 
In  2000 

Percent 

of 

Capacity 

PRESENT  TECHNOLOGY 

Nuclear  -  LWR  &  HTGR  Steam 

m 

23.  6 

19.  7 

47.8 

30 

Fossil  -  Steam 

V8.  8 

10.  5 

8.  5 

47.  8 

30 

Gas  Turbine  &  Diesel 

8,  5 

?.  7 

- 

mm 

7 

Hydroelectric 

1.  1 

1.  1 

1.0 

3.  2 

2 

Pumped  Storage 

1.  3 

2.0 

1. 5 

4.8 

3 

F  U  T  U  R  I 

:  TECHNOLOGY 

Nuclear  -  LMFBR 

- 

4 

11.9 

15.  9 

10 

Nuclear  -  Gas  Turbine  HTGR 

- 

- 

15.9 

15.9 

10 

Fuel  Cell 

- 

2.  2 

2.6 

4.8 

3 

Solar  Thermal  &  Wind 

- 

- 

1.0 

1.0 

1 

Geothermal 

- 

- 

- 

- 

- 

MHD 

- 

mm 

2.0 

3.  5 

9 

/Flywheel,  Compressed  Air\ 

V  BatterleZ  etc _ [ _ 

- 

mm 

2.0 

3.  5 

2 

SUB- TOTAL 

44.  2 

49.  1 

66.  1 

159.4 

100 

TOTAL 

44.  2 

93.  3 

159.  4 

159.  4 

100 

Notes  (1)  ~  Based  on  Reserve  Capacity  of  15% 


SCENARIO  A-1  AND  A-2 


V-97 


BASIS  FOR  SCENARIOS  B-1  AND  B-2 


Probable  Low  Power  Demand  -  Nuclear  Dominant  Resource  Mix 


I.  Electric  Power  Demand  In  the  electric  service  area  Increases  at  an 
annual  growth  rate  of  3.0%  during  1975  -  1990  and  2.5%  during 
1991  -  2000. 


Assumptions  and  Considerations  (1975  -  2000) 

•  General  economic  growth  Is  less  than  that  experienced  during 
1950  -  1975. 

e  Population  growth  Is  0.5%  per  year  (avg) 

•  Per  capita  Income  growth  is  2.3%  per  year  (avg) 

a  Federal  and  state  agencies  are  strongly  committed  to  a 
strategy  of  reducing  demand,  recognizing  that  the  problems 
associated  with  the  fossil  fuel  crisis,  the  social/ 
environmental  effects  of  large  numbers  of  power  plants 
and  a  potential  Inability  to  finance  a  large  supply  do  not 
have  near-term  solutions.  In  view  of  the  uncertainty, 
a  national  effort  to  reduce  electrical  demand  is  activated. 

•  Peak  demand  price  Increases  are  implemented  on  a  significant 
scale,  and  have  a  definite  effect  In  reducing  peek  demand. 

e  Conservation  measures  (better  Insulation,  better  appliance 
efficiencies,  reduced  lighting  requirements,  constructing 
"low-energy"  buildings,  and  others)  are  implemented  by 
regulations  and  result  In  significant  reduction  in  demand. 
Rationing  Is  not  needed. 

•  Solar  space  heating  and  cooling  and  water  heating  installations 
are  strongly  encouraged  through  tax  incentives,  and  are 
significant  in  reducing  demand. 

•  Substitution  of  electricity  for  fossil  fuels  Is  needed  on 
a  small-scale  basis,  but  the  overall  effect  on  Increasing 
demand  is  Insignificant  relative  to  the  reductions  In 
demand  which  result  from  other  measures. 


II.  Electric  Power  Supply  In  the  electric  service  area  la  provided  by 
accelerated  Installations  of  nuclear  power,  with  lesser  dependence 


on  coal  gasification,  oil  and  natural  gas,  and  advanced  energy 
conversion  technologies . 


Assumptions  and  Considerations  (1975  -  2000) 

s  A  strong  national  commitment  to  nuclear  power  evolves  because: 

-  Questions  concerning  nuclear  safety,  radioactive 
waste  disposal,  and  environmental  effects  are  resolved 

to  the  satisfaction  of  most  public  and  political  leaders. 

-  A  national  energy  policy  limits  the  amounts  of  fossil 
fuels  which  can  be  used  In  producing  electricity. 

-  Coal  gasification  which  could  provide  clean  boiler 
fuel  is  limited  because  coal  mining  regulations 
continue  to  be  stringent. 

a  The  Liquid  Metal  Fast  Breeder  Reactor  (LMFBR)  development 
Is  successful,  and  commercial  Installations  begin  In  the 
late  1980' s.  Thus,  uranium  fuel  reserves  are  extended 
Indefinitely. 

•  The  Gas  Turbine  High  Temperature  Gas-Cooled  Reactor  (HTGR) 
development  Is  successful,  and  commercial  installations 
begin  In  the  early  1990's.  Dry  cooling  towers  are  used. 

•  Research  and  development  of  non-nuclear  advanced  energy 
conversion  continues,  but  not  with  the  strong  commitment 
given  to  nuclear  power: 

-  Some  Installations  of  fuel  cells,  MHD  generators, 
and  flywheel  generators  are  made  during  1975  -  2000. 

-  Some  installations  of  compressed  air  storage  plants 
are  made  during  1990  -  2000. 

-  Fusion  plants  are  not  commercial  by  2000. 

•  Based  on  the  above  assumptions,  the  resource  mix  In  the 
electric  service  area  by  2000  Is  projected  to  be: 

-  Nuclear  (35%  of  total  Installed  capacity  In  2000) 

-  LWR  and  HTGR  Steam  (20%) 

-  LMFBR  and  Gas  Turbine  HTGR  (15%) 
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-  Fossil  (543!) 

-  Steam  (42Z) 

-  Gas  Turbine  and  Diesel  (12Z) 

-  Hydroelectric  (6Z) 

-  Conventional  (2Z) 

-  Pumped  Storage  (4Z) 


-  Advanced  Energy  Conversion  (5%) 

Solar  thermal,  fuel  cells,  MHD,  flywheels,  compressed 
air  storage,  and  others 


Power  Plant  Siting  In  the  electric  service  area 


Assumptions  and  Considerations  (1975  -  2000) 

•  Dry  cooling  Is  not  used  with  the  thermal  plants  because  of 
prohibitive  power  penalties  and  additional  costs.  Dry  cooling 
is  used  with  the  Gas  Turbine  HTGR. 

a  The  four  major  siting  subregions  within  the  electric  service 
area  are  defined  as: 

-  The  Delaware  River  Basin  (less  the  estuary  portion  of  the 
Delaware  Bay  approximately  south  of  Salem,  N.J.);  i.e. 
freshwater  region  of  DRB 

-  The  Susquehanna  River  Basin  -  freshwater  region 

-  The  Atlantic  Coast,  Including  offshore  waters,  and  the 
Delaware  Bay  estuary  region 

-  Other  portions  of  ESA 


By  2000, 

the  total  capacity  Is  assumed 

to  be  allocated 

Scenarios 

1  and  2  as  follows: 

Scenario  1 

Scenario  2 

DRB 

30% 

15% 

SRB 

30% 

15% 

Coastal 

20% 

50% 

Other 

20% 

20% 
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Basis: 


The  siting  allocation  in  column  1  is  representative  of  an 
increased  siting  rate  in  the  DRB  (and  SRB)  In  comparison  to 
the  present  trend  (about  23X) .  Column  2  represents  a  decreased 
siting  rate  in  the  DRB  (and  SRB) ,  with  the  coastal  region 
being  heavily  called  upon.  This  basically  assumes  that  many 
nuclear  plants  would  be  sited  offshore,  and  fossil  plants 
would  be  sited  at  coastal  and  estuary  locations. 

e  The  EPA's  power  plant  effluent  control  regulations  are 
stringently  enforced,  and  75%  of  the  above  thermal  plants 
in  the  DRB  subregion  use  evaporative  cooling  (wet  towers, 
spray  canals,  wet/dry  towers)  and  25%  use  once-through 
cooling.  Similarly,  the  SRB  has  a  75/25  split.  The  coastal 
subregion  Is  all  once-through . 


e  Power  plant  water  evaporation  (1975  2000) 

Evaporation  Is  determined  for  peak  periods,  as  opposed  to 
annual  averages  or  annual  total  consumption,  because  peak 
evaporation  Is  the  result  of  high  power  demand  during  the 
summer  and  occurs  in  coincidence  with  low  river  flows. 

-  At  time  of  peak  power  demand,  nuclear  and  fossil 
base  load  plants  are  assumed  to  be  operating  at 
90%  capacity  factor. 

-  Evaporation  rates  coincident  with  summertime  peak  power 
demand  are : 


Evap.  Cooling 

Once-through 

Systems 

Cooling 

Nuclear 

C.024 

0.013 

Fossil 

0.017 

0.0094 

EVAPORATION  RATES  IN  CFS 

PER  HWe 

(see  Section  V.F  for  further  discussion) 

1)  For  cooling  towers  during  summer,  90%  of  heat  load 
rejected  by  evaporation 

2)  For  once-through  cooling  during  summer,  50%  of  heat 
load  rejected  by  evaporation 

3)  Nuclear  efficiency  is  33% 

4)  Fossil  efficiency  Is  40% 
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Increiil  Totai 
During  Capacity 
990-200C  in  20“ 


PRESENT  TECHNOLOGY 


Nuclear  ~  IKTl  &■  HTGR  Steam 


Fossil  -  Steam 


Gas  Turbine  &  Diesel 


Hydroelectric 


Pumped  Storage 


.  3 

> 

1 

•  2 

0.6 

3. 

FUTURE  TECHNOLOGY 


Nuclear  -  LMFBR 


Nuclear  -  Gas  Turbine  HTGR 


Fuel  Cell 


Solar  Thermal  &  Wind 


Geothermal 


MHO 


Other 


SUB- TOTAL 


TOTAL 


3 

5.6 

5.  6 

5.6 

1 

1.0 

1 

1.  5 

Flywheel,  Compressed  Air 


0.  3 

0.  5 

0.  5 

1.0 

14.  7 

16.  5 

58.  9 

_ _ 1 

75.  4 

SCENARIO  B-1  AND  B-2 


BASIS  FOR  SCENARIOS  C-1  and  C-2 


Probable  High  Power  Demand  -  Nuclear  Slowdown 


I.  Electric  Power  Demand  in  the  electric  service  area  Increases  at 
an  annual  growth  rate  of  6.0%  during  1975  -  1990  and  5.5%  during 
1991  -  2000. 


Assuinptlons  and  Considerations  (1975  -  2000) 


a  General  economic  growth  is  similar  to  that  experienced 
during  1950  -  1975,  although  somewhat  reduced. 

a  Population  growth  is  1.3%  per  year  (avg) 

a  Per  capita  income  growth  Is  3.0%  per  year  (avg) 

a  Electric  power  price  increases  are  implemented  on  a 
low-key  basis  and  have  only  a  slight  dampening  effect 
on  demand. 

a  Conservation  measures;  such  as,  better  insulation  In 

new  buildings.  Increasing  electric  appliance  efficiencies, 
reducing  lighting  requirements,  constructing  "low-energy" 
buildings;  are  Implemented  on  a  low-key  basis.  Rationing 
of  electricity  does  not  occur. 

a  Solar  space  heating  and  cooling  and  water  heating 
Installations  in  new  buildings  have  a  minor  effect  in 
reducing  demand. 

a  The  Increasing  scarcity  of  fossil  fuels  results  In 
some  substitution  of  electricity  for  such  fuels. 
Development  takes  place  In  transportation  electrification 
(autos,  trucks,  etc.)  and  converting  end-use  space 
heating,  water  heating,  cooking,  industrial  processes, 
etc.,  to  electricity.  The  "electric  economy"  offsets 
some  of  the  gains  in  demand  reduction  achieved  as  a 
result  of  price  Increases,  conservation  measures,  and 
use  of  solar  energy. 


II.  Electric  Power  Supply  In  the  electric  service  area  Is  provided 
primarily  by  non-nuclear  power  generation.  The  resource  mix 
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reflects  accelerated  development  of  coal  gasification  to  provide 
"clean"  fossil  fuel,  and  accelerated  R  &  D  of  advanced  energy 
conversion  technologies  leading  to  commercial  Installations. 


Assumptions  and  Considerations  (1975  -  2000) 

•  Strong  national  opposition  to  the  rapid  expansion  of  nuclear 
power  evolves  because: 

-  Nuclear  safety,  radioactive  waste  disposal,  and  environ¬ 
mental  effects  are  of  Increasing  concern  to  Congress, 
state  regulatory  agencies,  and  the  general  public.  A 
significant  slowdown  in  nuclear  plant  installations 
results. 

-  The  proponents  of  non-nuclear  alternatives  are  successful 
in  demonstrating  that  such  alternatives  can  be  developed 
on  a  commercial  basis  to  meet  the  growing  power  demand 
with  an  attendant  "go-slow"  nuclear  approach. 

-  Some  6-10  states  adopt  laws  which  establish  moratoriums 
on  further  nuclear  construction  until  the  problems  are 
resolved. 

•  The  federal  government  greatly  accelerates  the  development 
of  the  non-nuclear  alternatives  with  funding  on  the  scale 
of  the  Apollo  Program.  Coal  gasification,  solar  and  wind 
power,  geothermal,  shale  oil,  fuel  cells,  MHD,  fusion  and 
others  are  developed  on  a  priority  basis. 

•  A  national  commitment  is  given  to  developing  offshore  oil  on 
the  east  and  west  coasts.  A  large  amount  of  this  oil  is 
dedicated  as  power  plant  fuel.  Refinery  capacity  is  Increased 
to  keep  pace  with  the  increased  supplies  of  domestic  oil. 

•  Environmental  restrictions  on  coal  mining  and  shale  oil  are 
relaxed  to  allow  full-scale  development  of  these  resources, 
and  air  pollution  regulations  are  made  less  stringent  so 
that  fossil  fuels  can  be  used  as  boiler  fuels  until 
"clean  fuels"  from  gasification  processes  are  commercial 

on  a  large-scale  basis. 

•  Hydroelectric  and  pumped  storage  power  potential  is  developed 
to  the  maximum  possible  extent. 

•  Continued  research  on  resolving  nuclear  problems  results  In 
success,  but  nuclear  plant  Installations  do  not  become  an 
Important  factor  again  until  the  early  1990' s.  Commercial 
installations  of  the  LMFBR  and  HTGR  gas  turbine  occur  in 
the  late  1990*8. 
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•  Conmercial  development  of  fusion  is  still  not  achieved  by  2000. 


•  Based  on  the  above  assumptions,  the  resource  mix  in  the 
electric  service  area  by  2000  Is  projected  to  be: 

-  Fosall-based  (5S%  of  Installed  capacity  In  2000) 

-  Steam  (48%) 

-  Gas  Turbines  and  Diesel  (7%) 

-  Nuclear  (20%) 

-  LWR  and  HTGR  Steam  (10%) 

-  LMFBR  and  Gas  Turbine  HTGR  (10%) 

-  Hydroelectric  (10%) 

-  Conventional  (3%) 

-  Pumped  Storage  (7%) 

-  Advanced  Energy  Conversion  (15%) 

-  Solar  thermal  (and  wind)  (3%) 

-  Fuel  cells  (3%) 

-  Geothermal  (3%) 

-  MHD  (2%) 

-  Other  (flywheels,  compressed  air,  etc.)  (4%) 


III.  Power  Plant  Siting  In  the  electric  service  area 


Assumptions  and  Considerations  (1975  -  2000) 

•  Dry  cooling  Is  not  used  with  the  thermal  plants  because 
of  prohibitive  power  penalties  and  additional  costs. 

Dry  cooling  is  used  with  the  Gas  Turbine  HTGR. 

•  The  four  major  siting  subregions  within  the  electric 
service  area  are  defined  as: 

-  The  Delaware  River  Basin  (less  the  estuary  portion 
of  the  Delaware  Bay  approximately  south  of 
Salem,  N.J.);  i.e.  freshwater  region  of  DRB 

-  The  Susquehanna  River  Basin  -  freshwater  region 

-  The  Atlantic  Coast,  including  offshore  waters, 
and  the  Delaware  Bay  estuary  region 

-  Other  portions  of  ESA 

By  2000,  the  total  capacity  Is  assumed  to  be  allocated  for 
Scenarios  1  and  2  as  follows: 
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Scenario  1 

Scenario  2 

DRB 

30% 

15% 

SRB 

30% 

15% 

Coastal 

20% 

50% 

Other 

20% 

20% 

The  siting  allocation  in  column  1  is  representative  of  an 
Increased  siting  rate  in  the  DRB  (and  SRB)  in  comparison  to 
the  present  trend  (about  23%) .  Column  2  represents  a  decreased 
siting  rate  in  the  DRB  (and  SRB) ,  with  the  coastal  region 
being  heavily  called  upon.  This  basically  assumes  that  many 
nuclear  plants  would  be  sited  offshore,  and  fossil  plants 
would  be  sited  at  coastal  and  estuary  locations. 

•  The  era's  power  plant  effluent  control  regulations  are 
stringently  enforced,  and  75%  of  the  above  thermal  plants 
in  the  DRB  subregion  use  evaporative  cooling  (wet  towers, 
spray  canals,  wet/dry  towers)  and  25%  use  once-through 
cooling.  Similarly,  the  SRB  has  a  75/25  split.  The  coastal 
subregion  is  all  once-through. 


•  Power  plant  water  evaporation  (1975  -  2000) 

Evaporation  is  determined  for  peak  periods,  as  opposed  to 
annual  averages  or  annual  total  consumption,  because  peak 
evaporation  is  the  result  of  high  power  demand  during  the 
summer  and  occurs  in  coincidence  with  low  river  flows. 

-  At  time  of  peak  power  demand,  nuclear  and  fossil 
base  load  plants  are  assumed  to  be  operating  at 
90%  capacity  factor. 

-  Evaporation  rates  coincident  with  summertime  peak  power 
demand  are: 


Evap.  Cooling 

Once-through 

Systems 

Cooling 

Nuclear 

0.024 

0.013 

Fossil 

0.017 

0.0094 

EVAPORATION  RATES  IN  CFS 

PER  MWe 

(see  Section  V.F  for  further  discussion) 
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Basis:  1)  For  cooling  towers  during  summer,  90Z  of  heat  load 

rejected  by  evaporation 

2)  For  once-through  cooling  during  summer,  50%  of  heat 
load  rejected  by  evaporation 

3)  Nuclear  efficiency  is  33% 

4)  Fossil  efficiency  Is  40% 
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PRESEiNT  TECHNOLOGY 


Nuclear  -  LWR  &  HTGR  Steam 


Fossil  -  Steam 


Gas  Turbine  t  Diesel 


Hydroelectric 


Pumped  Storage 


28.8  27.6 


8. 

0 

20. 

1 

1. 

0 

1. 

0 

2. 

8 

FUTURE  TECHNOLOGY 


Nuclear  -  LMFBR 


Nuclear  -  Gas  Turbine  HTGR 


Fuel  Cell 


Solar  Thermal  &  Wind 


Geothermal 


MHD 


Other 


SUB- TOTAL 


TOTAL 


Notes  (1)  -  Based  on  Reserve  Capacity  of  15'^ 


66.  1 


159.  4 


8.0 


8.0 


4.  8 


4.  8 


4.  8 


3.  2 


6. 


159.  4 


159.  4 


SCENARIO  C-1  AND  C-2 
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BASIS  FOR  SCENARIOS  D-1  AND  D-2 
Probable  Low  Power  Demand  -  Nuclear  Slowdown 


I.  Electric  Power  Demand  In  the  electric  service  area  Increases  at  an 
annual  growth  rate  of  3.0%  during  1975  -  1990  and  2.5%  during 
1991  -  2000. 


Assumptions  and  Considerations  (1975  -  2000) 

•  General  economic  growth  is  less  than  that  experienced  during 
1950  -  1975. 

•  Population  growth  Is  0.5%  per  year  (avg) 

•  Per  capita  income  growth  is  2.3%  per  year  (avg) 

•  Federal  and  state  agencies  are  strongly  committed  to  a 
strategy  of  reducing  demand,  recognizing  that  the  problems 
associated  with  the  fossil  fuel  crisis,  the  social/ 
environmental  effects  of  large  numbers  of  power  plants 
and  a  potential  inability  to  finance  a  large  supply  do  not 
have  near-term  solutions.  In  view  of  the  uncertainty, 

a  national  effort  to  reduce  electrical  demand  is  activated. 

•  Peak  demand  price  increases  are  implemented  on  a  significant 
scale,  and  have  a  definite  effect  in  reducing  peak  demand. 

•  Conservation  measures  (better  insulation,  better  appliance 
efficiencies,  reduced  lighting  requirements,  constructing 
"low-energy"  buildings,  and  others)  are  implemented  by 
regulations  and  result  in  significant  reduction  in  demand. 
Rationing  is  not  needed. 

•  Solar  space  heating  and  cooling  and  water  heating  installations 
are  strongly  encouraged  through  tax  incentives,  and  are 
significant  in  reducing  demand. 

•  Substitution  of  electricity  for  fossil  fuels  is  needed  on 
a  small-scale  basis,  but  the  overall  effect  on  increasing 
demand  is  insignificant  relative  to  the  reductions  in 
demand  which  result  from  other  measures. 


II.  Electric  Power  Supply  in  the  electric  service  area  is  provided 
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primarily  by  non-nuclear  power  generation.  The  resource  mix 
reflects  accelerated  development  of  coal  gasification  to  provide 
"clean"  fossil  fuel,  and  accelerated  R  &  D  of  advanced  energy 
conversion  technologies  leading  to  commercial  installations. 


Assumptions  and  Considerations  (1975  -  2000) 

•  Strong  national  opposition  to  the  rapid  expansion  of  nuclear 
power  evolves  because: 

-  Nuclear  safety,  radioactive  waste  disposal,  and  environ¬ 
mental  effects  are  of  Increasing  concern  to  Congress, 
state  regulatory  agencies,  and  the  general  public.  A 
significant  slowdown  in  nuclear  plant  installations 
results. 

-  The  proponents  of  non-nuclear  alternatives  are  successful 
in  demonstrating  that  such  alternatives  can  be  developed 
on  a  commercial  basis  to  meet  the  growing  power  demand 
with  an  attendant  "go-slow"  nuclear  approach. 

-  Some  6-10  states  adopt  laws  which  establish  moratoriums 
on  further  nuclear  construction  until  the  problems  are 
resolved. 

•  The  federal  government  greatly  accelerates  the  development 
of  the  non-nuclear  alternatives  with  funding  on  the  scale 
of  the  Apollo  Program.  Coal  gasification,  solar  and  wind 

.  power,  geothermal,  shale  oil,  fuel  cells,  MHD,  fusion  and 
others  are  developed  on  a  priority  basis. 

•  A  national  commitment  is  given  to  developing  offshore  oil  on 
the  east  and  west  coasts.  A  large  amount  of  this  oil  is 
dedicated  as  power  plant  fuel.  Refinery  capacity  is  increased 
to  keep  pace  with  the  Increased  supplies  of  domestic  oil. 

•  Environmental  restrictions  on  coal  mining  and  shale  oil  are 
relaxed  to  allow  full-scale  development  of  these  resources, 
and  air  pollution  regulations  are  made  less  stringent  so 
that  fossil  fuels  can  be  used  as  boiler  fuels  until 
"clean  fuels"  from  gasification  processes  are  commercial 

on  a  large-scale  basis. 

•  Hydroelectric  and  pumped  storage  power  potential  is  developed 
to  the  maximum  possible  extent. 

•  Continued  research  on  resolving  nuclear  problems  results  in 
success,  but  nuclear  plant  installations  t' "  not  become  an 
important  factor  again  until  the  early  1990' s.  Commercial 
installations  of  the  LMFBR  and  HTGR  gas  turbine  occur  in 
the  late  1990' s. 
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•  Commercial  development  of  fusion  Is  still  not  achieved  by  2000. 

•  Based  on  the  above  assumptions,  the  resource  mix  In  the 
electric  service  area  by  2000  Is  projected  to  be: 


-  Fossil  (58%) 

-  Nuclear  (23%) 

-  LWR  and  HTGR  steam  (15%) 

-  LMFBR  and  Gas  Turbine  HTGR  (8%) 

-  Hydroelectric  (9%) 

-  Conventional  (3%) 

-  Pumped  Storage  (6%) 

-  Advanced  Energy  Conversion  (10%) 

-  Solar  thermal  (and  wind)  (2%) 

-  Fuel  Cell  (2%) 

-  Geothermal  (2%) 

-  MHO  (2%) 

-  Other  (flywheels,  compressed  air,  etc.)  (2%) 


III.  Power  Plant  Siting  in  the  electric  service  area 


Asstimpti ons  and  Considerations  (1975  -  2000) 

#  Dry  cooling  is  not  used  with  the  thermal  plants  because  of 
prohibitive  power  penalties  and  additional  costs.  Dry  cooling 
Is  used  with  the  Gas  Turbine  HTGR. 

0  The  four  major  siting  subregions  within  the  electric  service 
area  are  defined  as: 

-  The  Delaware  River  Basin  (less  the  estuary  portion  of  the 
Delaware  Bay  approximately  south  of  Salem,  N.J.);  i.e. 
freshwater  region  of  DRB 

-  The  Susquehanna  River  Basin  -  freshwater  region 

-  The  Atlantic  Coast,  including  offshore  waters,  and  the 
Delaware  Bay  estuary  region 

-  Other  portions  of  ESA 

By  2000,  the  total  capacity  is  assumed  to  be  allocated  for 


Scenarios  1  and  2  as  follows: 


Scenario  1 

Scenario  2 

DRB 

30% 

15% 

SRB 

30% 

15% 

Coastal 

20% 

50% 

Other 

20% 

20% 

The  siting  allocation  In  column  1  Is  representative  of  an 
Increased  siting  rate  In  the  DRB  (and  SRB)  in  comparison  to 
the  present  trend  (about  23%).  Column  2  represents  a  decreased 
siting  rate  In  the  DRB  (and  SRB),  with  the  coastal  region 
being  heavily  called  upon.  This  basically  assumes  that  many 
nuclear  plants  would  be  sited  offshore,  and  fossil  plants 
would  be  sited  at  coastal  and  estuary  locations. 

•  The  era's  power  plant  effluent  control  regulations  are 
stringently  enforced,  and  75%  of  the  above  thermal  plants 
in  the  DRB  subregion  use  evaporative  cooling  (wet  towers, 
spray  canals,  wet/dry  towers)  and  25%  use  once-through 
cooling.  Similarly,  the  SRB  has  a  75/25  split.  The  coastal 
subregion  Is  all  once-through. 


•  Power  plant  water  evaporation  (1975  -  2000) 

I  Evaporation  is  determined  for  peak  periods,  as  opposed  to 

I  annual  averages  or  annual  total  consumption,  because  peak 

(  evaporation  is  the  result  of  high  power  demand  during  the 

summer  and  occurs  in  coincidence  with  low  river  flows. 

-  At  time  of  peak  power  demand,  nuclear  and  fossil 
base  load  plants  are  assumed  to  be  operating  at 
i  90%  capacity  factor. 

[ 

I  -  Evaporation  rates  coincident  with  summertime  peak  power 

t  demand  are: 


Evap.  Cooling 

Once-through 

Systems 

Cooling 

Nuclear 

0.024 

0.013 

Fos.sll 

0.017 

0.009A 

EVAPORATION  RATES  IN  CFS 

PER  MWe 

(see  Section  V.F  for  further  discussion) 
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•  Commercial  development  of  fusion  is  still  not  achieved  by  2000. 

•  Based  on  the  above  assumptions,  the  resource  mix  in  the 
electric  service  area  by  2000  is  projected  to  be: 


-  Fossil  (58%) 

-  Nuclear  (23%) 

-  LWR  and  HTGR  steam  (15%) 

-  LMFBR  and  Gas  Turbine  HTGR  (8%) 

-  Hydroelectric  (9%) 

-  Conventional  (3%) 

-  Pumped  Storage  (6%) 

-  Advanced  Energy  Conversion  (10%) 

-  Solar  thermal  (and  wind)  (2%) 

-  Fuel  Cell  (2%) 

-  Geothermal  (2%) 

-  MHD  (2%) 

-  Other  (flywheels,  compressed  air,  etc.)  (2%) 


Til.  Power  Plant  Siting  In  the  electric  service  area 


Assumptions  and  Considerations  (1975  -  2000) 

•  Dry  cooling  is  not  used  with  the  thermal  plants  because  of 
prohibitive  power  penalties  and  additional  costs.  Dry  coo  ling 
Is  used  with  the  Gas  Turbine  HTGR. 


0  The  four  major  siting  subregions  within  the  electric  service 
area  are  defined  as: 

-  The  Delaware  River  Basin  (less  the  estuary  portion  of  the 
Delaware  Bav  approximately  south  of  Salem,  N.J.);  i.e. 
freshwater  region  of  DRB 

-  The  Susquehanna  River  Basin  -  freshwater  region 

-  The  Atlantic  Coast,  including  offshore  waters,  and  the 
Delaware  Bay  estuary  region 

-  Other  portions  of  F.SA 

By  2000,  the  total  capacity  Is  assumed  to  be  allocated  for 
Scenarios  1  and  2  as  follows: 
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Scenario  1 

Scenario  2 

DRB 

30% 

15% 

SRB 

30% 

15% 

Coastal 

20% 

50% 

Other 

20% 

20% 

The  siting  allocation  In  column  1  Is  representative  of  an 
Increased  siting  rate  in  the  DRB  (and  SRB)  in  comparison  to 
the  present  trend  (about  23%),  Column  2  represents  a  decreased 
siting  rate  in  the  DRB  (and  SRB),  with  the  coastal  region 
being  heavily  called  upon.  This  basically  assumes  that  many 
nuclear  plants  would  be  sited  offshore,  and  fossil  plants 
would  be  sited  at  coastal  and  estuary  locations. 

•  The  era's  power  plant  effluent  control  regulations  are 
stringently  enforced,  and  75%  of  the  above  thermal  plants 
in  Che  DRB  subregion  use  evaporative  cooling  (wet  towers, 
spray  canals,  wet /dry  towers)  and  25%  use  once-through 
cooling.  Similarly,  the  SRB  has  a  75/25  split.  The  coastal 
subregion  is  all  once-through. 


•  Power  plant  water  evaporation  (1975  -  2000) 

Evaporation  is  determined  for  peak  periods,  as  opposed  to 
annual  averages  or  annual  total  consumption,  because  peak 
evaporation  is  the  result  of  high  power  demand  during  the 
summer  and  occurs  in  coincidence  with  low  river  flows. 

-  At  time  of  peak  power  demand,  nuclear  and  fossil 
base  load  plants  are  assumed  to  be  operating  at 
90%  capacity  factor. 

-  Evaporation  rates  coincident  with  summertime  peak  power 
demand  are: 


Evap.  Cooling 

Once-through 

Systems 

Cooling 

Nuclear 

0.024 

0.013 

Fossil 

0.017 

0.0094 

EVAPORATION  RATES  IN  CFS 

PER  MWe 

(see  Section  V.F  for  further  discussion) 
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Basis : 


1)  For  cooling  towers  during  sunaaer,  90Z  of  heat  load 
rejected  by  evaporation 

2)  For  once-through  cooling  during  sumner,  50%  of  heat 
load  rejected  by  evaporation 

3)  Nuclear  efficiency  Is  33% 

4)  Fossil  efficiency  Is  40% 
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PRESENT  TECHNOLOGY 


Nucl©3r  *  LWR  &  HTGR  Steam 


Fossil  -  Steam 


Gas  Turbine  S;  Diesel 


Hydroelectric 


Pumped  Storage 


FUTURE  TECHNOLOGY 


Nuclear  ”  LMFBR 


Nuclear  -  Gas  Turbine  HTGR 


Fuel  Cell 


Solar  Thermal  &  Wind 


Geothermal 


MHD 


Other 


SUB- TOTAL 


TOTAL 


0.  5 

1.0 

1.0 

0.  5 

14.  7 

16.  5 

58.  9 

75.  4 

4.0 


4.0 


2.0 


2.0 


2.0 


2.0 


2.0 


100 


100 


V-114 


V.F.  PROJECTED  POWER  PLANT  WArcR  CONSUMPTION 


V.F.l  TYPES  OF  COOLING  SYSTEMS 

There  are  several  types  of  cooling  systems  which  are  being  used  In  the 
power  Industry;  or,  which  could  be  used,  but  at  great  additional  expense. 

The  available  methods  are  briefly  described  In  this  section,  and  the  basis 
for  projected  water  consumption  Is  discussed  In  the  following  section. 

Once  Through  Cooling  System 

Once  through  cooling  systems  are  a  highly  developed  and  efficient  means 
for  transporting  waste  heat  from  the  condenser  of  a  steam  electric  power 
plant  to  the  environment.  The  once  through  cooling  system  !<-'  generally  the 
the  most  economical  and  the  most  efficient  cooling  system  associated  with 
large  power  plants.  Potential  environmental  Impacts  associated  with  the 
acceptance  of  the  relatively  large  quantities  of  waste  heat  by  the  environ¬ 
ment  often  cause  planners  and  engineers  to  turn  to  other  cooling  alterna¬ 
tives. 

The  Environmental  Protection  Agency  has  studied  the  problems  associated 
with  once  through  cooling  and  has  provided  a  means  by  which  the  system  can 
be  used  in  those  cases  where  it  can  be  demonstrated  that  acceptable  environ¬ 
mental  Impact  can  be  reasonably  achieved  (Section  316  exemption  per  PL 
92-500).  It  remains  unclear  at  this  time  as  to  how  many  existing  and  future 
steam  plants  will  be  able  to  use  once  through  systems  under  the  Environmental 
Protection  Agency  requirements.  Because  of  this  uncertainty,  the  once 


through  system  could  be  limited  in  its  use  for  large  thermal  power  plants 
in  the  future. 

Wet  Cooling  Tower  Systems 

Wet  cooling  tower  systems  are  in  many  cases  technically  and  economically 
practical  for  applications  to  present  day  steam  electric  power  plants.  The 
costs  of  wet  cooling  systems  are  generally  well  above  those  of  the  once 
through  cooling  system;  however,  this  type  of  system  is  becoming  predomin¬ 
ant  as  a  means  for  complying  with  current  regulatory  requirements  in 
regard  to  EPA's  effluent  limitations. 

The  potential  problems  of  wet  cooling  towers  are: 

a  Subject  to  mechanical  failure, 
a  High  capital  cost. 

a  High  operation  and  maintenance  costs, 
a  High  evaporative  water  losses, 
a  Blowdown  disposal  problems. 

a  Local  meteorological  effects  (fogging,  icing,  drift) 

Wet  Cooling  Spray  Systems  and  Cooling  Ponds  (Lakes) 

These  methods  recirculate  the  cooling  water  as  in  the  case  of  using 
cooling  towers.  The  warmed  condenser  effluent  released  to  a  cooling  pond 
(lake)  releases  its  heat  to  the  atmosphere  via  evaporation,  conduction. 
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and  radiation  before  returning  to  the  cooling  water  intake.  If  the  wanned 
effluent  is  sprayed  into  the  air  using  a  suitable  spray  system,  most  of  the 
heat  is  rejected  by  evaporation,  much  like  cooling  towers.  Spray  pond  sys¬ 
tems  require  much  less  surface  area  in  comparison  with  cooling  ponds  (lakes) 

Wet/Dry  Cooling  Systems 

Wet/dry  cooling  systems  are  technically  feasible,  and  can  eliminate 
some  disadvantages  of  the  wet  cooling  system.  For  example,  localized 
icing  and  fogging  can  be  systematically  eliminated  by  the  proper  operation 
of  the  wet/dry  system,  and  water  consumption  can  be  reduced.  The  cost 
of  this  system  is  higher  than  the  conventional  wet  system;  however,  the 
wet/dry  system  will  be  used  in  the  future  as  a  means  for  solving  cooling 
problems  at  sites  where  the  additional  cost  provides  commensurate  benefits 
in  the  elimination  of  potential  environmental  impacts  and  reducing  water 
consumption. 

Dry  Cooling  Systems 

Dry  cooling  systems  are  technically  feasible  for  application  with  steam 
electric  power  plants;  however,  the  high  back  pressures  associated  with 
the  dry  system  are  not  compatible  with  current  turbine  designs.  This 
factor  makes  the  application  of  dry  cooling  very  expensive  because  of 
losses  in  plant  efficiency  and  the  costs  of  the  dry  system  itself. 
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The  dry  cooling  system  will  resolve  concerns  over  environmental  quality 
and  will  allow  siting  of  power  plants  In  areas  where  the  availability  of 
cooling  water  Is  limited.  But  the  problems  associated  with  the  relatively 
high  turbine  exhaust  pressures,  and  the  extremely  costly  hardware  expenses, 
retard  the  expected  commercial  development  of  the  dry  cooling  system  for 
use  with  steam  plants.  As  mentioned  in  another  section,  dry  cooling  will 
be  compatible  and  economic  with  the  gas  turbine  HTGR. 

Economics  of  Dry  and  Wet /Dry  Cooling 

Several  comprehensive  cost  studies  have  been  made  on  the  economics  of 
dry  and  wet/dry  cooling  systems.  A  comprehensive  evaluation  of  dry 
towers  for  an  llOOMWe  (approx)  nuclear  plant  near  Philadelphia  showed 
that  the  incremental  generation  cost  relative  to  using  evaporative  cooling 
towers  is  1.37  mllls/kwh  (Westinghouse,  1972).  This  study  assumed  that 
plant  operation  starts  in  1978,  and  the  incremental  cost  includes  charges 
for  plant  capability  loss,  increased  fuel  consumption,  increased  capital 
costs,  and  increased  operating/maintenance  costs. 

The  magnitude  of  the  increased  cost  burden  associated  with  using  dry 
cooling  instead  of  wet  cooling  can  be  estimated  by  using  this  incremental 
cost  factor.  To  illustrate,  the  1990  electric  energy  consumption  in  the 
Pennsylvania  -  New  Jersey  -  Maryland  (PJM)  service  area  (which  is  about 
95  per  cent  of  the  electric  service  area)  would  be  approximately  370  billion 
kwh/year  for  the  probable  high  annual  growth  rate  of  6.0  per  cent,  and  It 
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would  be  about  240  billion  kwh/year  for  the  probable  low  annual  growth 
rate  of  3.0  per  cent.  If  half  the  1990  electric  energy  were  supplied 
by  dry-cooled  power  plants,  the  additional  annual  costs  relative  to  using 
wet  cooling  for  these  plants  would  be  approximately: 

High  Growth:  $250,000,000  additional  per  year 

Low  Growth:  $165,000,000  additional  per  year 

To  provide  further  perspective  on  the  additional  costs  involved,  consider 
an  1100  MWe  nuclear  unit  operating  at  an  80  per  cent  capacity  factor  for 
a  year.  It  produces  7.7  billion  kwh,  and  the  associated  additional  cost 
for  dry  cooling  Instead  of  wet  cooling  is  about  $10,600,000  for  the  year. 

If  the  plant  had  used  wet  cooling,  about  20,000  acre-feet of  water  would 
have  been  evaporated.  Thus,  if  water  is  worth  $530/acre-foot ,  dry  cooling 
might  be  justified;  otherwise,  a  decision  to  use  it  would  have  to  be  made 
for  other  reasons. 

The  costs  of  wet-dry  cooling  are  roughly  proportional  to  the  amounts  of 
dry  and  wet  cooling  provided  in  a  particular  application,  as  would  be 
expected  (Cornell,  1972).  For  example,  using  1.37  mills/kwh  as  the  in¬ 
cremental  dry  cooling  cost  relative  to  wet  cooling,  a  SOX  wet  -  50%  dry 
tower  system  would  have  an  associated  incremental  cost  relative  to  wet 
cooling  of  about  0.69  mllls/kwh.  This  wet/dry  system  would  also  conserve 
about  60-80%  of  the  water  that  would  be  evaporated  by  wet  cooling  alone. 
Assuming  70  per  cent  water  conservation,  the  1100  MWe  plant  using  a  50% 

(1)  1  cfs  ■  725  acre-feet  per  year  (approx) 
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dry  system  would  save  15,000  acre-feet/year.  The  additional  wet-dry  annual 
cooling  cost  relative  to  wet  cooling  is  about  $5,300,000  (7.7  billion  kwh  x 
.69  mills/kwh).  Thus,  if  water  is  worth  about  $355/acre-foot ,  the  wet-dry 
cooling  system  might  be  justified.  Optimizations  in  the  wet-dry  system 
could  be  expected  to  further  reduce  this  cost,  but  probably  not  significantly. 
In  any  case,  the  wet-dry  concept  is  more  cost  effective  than  using  dry  cool¬ 
ing  alone,  but  would  still  have  to  be  Justified  on  a  case-by-case  basis  if 
used  Instead  of  once  through  or  wet  cooling. 

Evaluation  of  Cooling  Systems  for  ESA 

In  view  of  the  significantly  higher  costs  associated  with  using  dry  and 
wet-dry  cooling,  it  is  not  considered  to  be  generally  feasible  to  equip 
new  nuclear  and  fossil  steam  plants  with  them.  It  is  suggested  that  either 
evaporative  systems  or  once-through  cooling  be  viewed  as  the  realistic 
cooling  options  for  ESA  steam  plants.  As  indicated  previously,  the  gas 
turbine  HTGR  cycle  is  compatible  with  dry  cooling,  and  it  is  expected  that 
commercial  installations  of  this  cycle  in  the  1990 's  will  be  made  using  dry 
cooling. 

As  the  scenarios  have  shown,  many  of  the  new  plants  installed  during  1975- 
2000  will  be  nuclear  and/or  fossil  steam.  This  result  holds  for  higher  or 
lower  power  demand,  for  rapid  nuclear  expansion  or  nuclear  slowdown,  and 
for  slower  or  accelerated  development  of  advanced  technologies.  If  one  also 
accepts  the  conclusion  that  evaporative  or  once-through  cooling  should  be 
used  with  these  steam  plants,  it  is  in  order  to  further  suggest  that  pro¬ 
viding  water  resources  for  these  cooling  processes  is  both  necessary  and 


appropriate. 


Regardless  of  whether  30  per  cent  of  15  per  cent  of  the  ESA  power  genera¬ 
tion  capacity  by  2000  Is  located  In  the  DRB,  It  Is  evident  that  some  fresh 
water  needs  to  be  allocated  to  power  plant  cooling.  It  appears  prudent 
for  ESA  planners  and  decision-makers  to  decide  on  a  rational  and  practical 
siting  program  which  recognizes  the  water  needs  to  support  power  generation 

V.F.2  WATER  CONSUMPTION 

Potential  future  water  consumption  is  shown  on  the  scenarios.  The  evap¬ 
oration  rates  per  MWe  of  nuclear  and  fossil  demand  were  stated  in  the 
assumptions  for  each. 

The  rates  were  calculated  based  on  summertime  conditions  in  the  DRB.  A 
wet  bulb  temperature  of  75°F  was  used  as  being  representative  of  the  95 
percentile  for  the  four  warmest  months  (FPC,  1969).  Performing  a  thermo¬ 
dynamic  analysis  of  a  cooling  tower  operating  under  the  DRB's  meteorol¬ 
ogical  conditions,  it  was  determined  that  evaporation  rate  per  nuclear  MWe 
output  is  about  0.02A  cfs/MWe.  This  rate  agrees  with  those  developed  by 
Oleson  and  Hauser  (1970)  and  Leung  and  Moore (1970).  Since  a  nuclear 
plant  rejects  about  40  to  50  per  cent  more  heat  per  MWe  than  a  fossil 
plant,  the  evaporation  rate  per  fossil  MWe  is  about  0.017  cfs/MWe.  These 
calculations  assumed  that  during  summertime  operation,  90  per  cent  of  the 
heat  Is  rejected  in  the  tower  by  evaporation,  and  the  other  10  per  cent 


Is  rejected  by  sensible  heat  transfer. 

To  estimate  water  evaporation  resulting  from  once-through  cooling,  it 
Is  necessary  to  determine  the  amount  of  plant-added  heat  rejected  by 
forced  evaporation,  conduction,  and  back  radiation.  By  using  formulae 
which  characterize  the  heat  loss  at  the  water  surface  (Edlnger  et  al, 

1974),  it  can  be  shown  that  during  the  summer  about  half  of  the  plant- 
added  heat  is  ultimately  rejected  by  forced  evaporation  with  the  other 
being  lost  via  conduction  and  back  radiation.  Therefore,  the  once-through 
cooling  evaporation  rate  per  nuclear  MWe  output  is  about  0.013  cfs/MW  and 
the  rate  per  fossil  MWe  output  is  about  0.0094  cfs/MW.  Each  scenario  shows 
the  amount  of  nuclear  and  fossil  thermal  capacity  in  the  DRB  by  2000. 

Thus,  estimates  of  evaporation  are  readily  calculated  after  deciding  how 
much  of  this  thermal  capacity  uses  evaporative  cooling  and  how  much  uses 
once-through  cooling.  In  view  of  the  great  uncertainty  involving  the 
future  implementation  of  EPA's  new  power  plant  effluent  limitations,  it 
is  assumed  that  the  future  cooling  tower  to  once-through  ratio  could  be 
on  the  order  of  3;1  for  stringent  Implementation,  and  would  be  on  the  order 
of  1:3  for  liberal  implementation  (or  a  t.'.ange  in  the  water  law-PL  500). 

The  Intent  has  been  to  make  evaporation  estimates  for  the  fresh  water 
portion  of  the  DRB.  Accordingly,  the  coastal  subregion  was  chosen  to 
Include  the  Delaware  Bay  estuary  upstream  to  the  proximity  of  Artificial 
Island.  A  recent  study  Indicated  that  the  effects  of  power  plant  evapora¬ 
tion  on  fresh  water  flows  in  the  Delaware  basin  are  negligible  for  plants 
located  downstream  of  this  point  (Englesson,  1974).  For  example,  it  was 
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stated  that  the  Salem  plant,  under  construction  near  Artificial  Island 


will  require  only  20  per  cent  of  the  storage  which  would  be  required  if 
the  plant  were  sited  on  a  fresh  water  portion  of  the  river.  Therefore, 
assuming  that  plants  upstream  of  Artificial  Island  are  evaporating  fresh¬ 
water  means  that  evaporation  is  being  estimated  in  a  conservative  manner. 
Even  plants  located  several  miles  upstream  of  Artificial  Island  are  using 
brackish  water  and  have  substantially  less  effect  on  fresh  water  consump¬ 
tion  than  those  further  upstream  in  the  pure  freshwater  regime. 

Each  scenario  shows  two  power  plant  evaporation  curves  based  on  the  EPA 

assumptions  (see  Tables  5-10  to  5-18).  To  comoare  the  relative  differences. 

Table  5-23  shows  water  consumption  for  all  scenarios,  TKp  vrlde  ranpe  of 
values  illustrates  the  high  sensitivity  of  power  plant  evaporation  to 

power  demand,  plant  type,  plant  location  and  cooling  method.  Figure  9 
shows  probable  high,  probable  and  probable  low  water  consumption  curves. 

The  probable  high  curve  is  taken  as  the  average  of  water  consumption  for 
Scenarios  A-1  and  C-1,  the  probable  curve  was  derived  from  the  probable 
scenario,  and  the  probable  low  curve  is  taken  as  the  average  of  water 
consumption  for  Scenarios  B-2  and  D-2.  All  three  curves  are  based  on  75 
per  cent  cooling  towers  and  25  per  cent  once-through.  There  obviously 
are  other  ways  to  average  the  scenarios  in  deriving  such  curves. 

In  planning  for  future  water  needs  alone,  it  is  seen  that  an  overall 
regional  siting  strategy  Is  needed  so  that  the  quantities  of  water  to  be 
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Table  5-23  ESTIMATES  OF  PEAK  EVAPORATION  FROM  POWER  PLANT 
COOLING  IN  THE  DELAWARE  RIVER  BASIN 

(1  CFS  £  0.646  MGD  s  725  A-F/yr) 


SCENARIO  NO. 

THERMAL  CAPACITY 

1  WITH  COOLING 
TOWERS,  X 

ESTIMATE  OF 

PEAK  EVAPORATION  RATE,  CFS 

1990 

'  2000 

A-1 

^  ■  ■  ■  < 

P--— — — 

344 

542 

A-1 

25 

257 

403 

A- 2 

75 

172 

256 

A-2 

25 

128 

190 

B-1 

75 

207 

232 

B-1 

25 

154 

173 

B-2 

75 

104 

111 

B-2 

25 

77 

83 

C-1 

75 

275 

442 

C-1 

25 

206 

331 

C-2 

75 

138 

174 

C-2 

25 

103 

129 

D-1 

75 

182 

210 

D-1 

25 

136 

157 

D-2 

!  75 

91 

95 

D-2 

25 

68 

71 

"Probable" 

75 

190 

226 

"Probable" 

25 

140 

168 

Probable  Scenario 
•  (75%  C.T.) 


rj 

I 
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allocated  for  thermal  plant  cooling  can  be  accurately  forecasted. 


Several  factors  do  tend  to  make  such  estimates  conservative: 


1.  Overall  nuclear  efficiency  was  assumed  to  be  33%  in  all 
calculations:  however,  the  HTGR  steam  plant  (39-40%)  and 
the  LMFBR  (35-35%)  efficiencies  will  result  in  lower  heat 
rates,  hence  water  evaporation  would  be  reduced. 

2.  Assuming  that  the  river  upstream  of  Artificial  Island  is  all 
fresh  water. 


A  factor  which  acts  in  the  opposite  direction  is  the  assumption  of 
relatively  large  amounts  of  gas  turbine  HTGR  capacity  cooled  with  dry 
towers. 
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VI.A.  DELAWARE  RIVER  BASIN  CHARACTERISTICS 


The  Delaware  River  and  its  tributaries  drain  approximately  13,000 
square  miles  of  land.  A  complete  characterization  of  this  basin 
can  be  gained  from  examination  of  Chapter  I;  the  characterization 
presented  herein  is  from  a  water  quality  viewpoint  and  will  there¬ 
fore  deal  with  the  character  of  the  point  and  non-point  sources 
and  contributing  waters  to  the  Delaware  River.  Point  sources  are 
defined  as  pollution  loads  discharging  from  a  pipe  or  conduit. 
Non-point  sources  consist  of  spatially  distributed  pollution 
loads  entering  water  courses  at  non-specific  points  as  a  result  of 
urban  runoff,  agriculture,  silviculture  activities,  etc. 

The  study  area  has  been  divided  into  three  major  sections;  the 
upper  basin,  the  contiguous  area,  and  the  lower  reach  and  estuary. 
The  upper  basin  is  defined  as  the  mainstem  of  the  Delaware  River 
and  tributaries  above  Port  Jervis.  The  contiguous  area  is  that 
area  defined  within  the  locks  Island  Region  Environmental  Study 
(TIRES)  and  Includes  areas  from  the  states  of  New  York,  New  Jersey 
and  Pennsylvania.  The  lower  reach  of  the  Delaware  River  includes 


the  malnstem  belc.  Tocks  Island  and  extends  through  Trenton  and  Into 
Philadelphia.  The  estuary  area  extends  south  of  Philadelphia  and  into 
Delaware  Bay  thereby  including  portions  of  the  State  of  Delaware. 

Figure  6-1  deliniates  the  water  quality  service  area. 

VI. A. I  UPPER  BASIN 

VI. A. I (a)  Features 

The  drainage  basin  contributing  to  the  upper  reach  of  the  Delaware 
River  above  Port  Jervis  comprises  3,076  square  miles  and  was  esti¬ 
mated  by  the  DRBC  (Eleventh  Water  Resources  Program,  September  1974) 
to  contribute  5,530  cfs  as  average  runoff  over  the  water  years 
1905  -  1970.  Therefore,  the  upper  reach  (upper  basin)  contributed 
to  24  percent  of  the  total  drainage  area  and  27  percent  of  the  total 
flow.  The  znainstem  of  the  Delaware  River  is  fed  by  three  medium  sized 
tributaries  directly  above  Port  Jervis  (Neversink,  Mongaup,  and 
Lackawaxen  Rivers)  and  two  malnstem  tributaries  (West  Branch  and  East 
Branch)  located  in  the  State  of  New  York.  New  York  State  has  three 
water  supply  reservoirs  within  the  area;  the  Neversink  Reservoir  on 
the  Neversink  River,  the  Pepacton  Reservoir  on  the  East  Branch  of  the 
Delaware  River,  and  Cannonsville  Reservoir  on  the  West  Branch  of  the 
Delaware  River.  The  upper  Delaware  River  Basin  Includes  Wayne  and 
Pike  Counties  in  Pennsylvania  and  Delaware,  Sullivan  and  Orange  Counties 
in  New  York.  Elevations  within  the  upper  basin  lie  mostly  between 
1,000  and  2,000  feet  above  sea  level.  The  topography  of  the  immediate 
area  is  characterized  by  rugged  hillside  broken  only  by  the  clearings 
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made  by  small  settlements  in  the  area. 

The  climate  of  the  area  Is  characterized  by  frequent  changes  In  weather 
common  to  mid-latitude  climates.  Precipitation  is  fairly  evenly  dis¬ 
tributed  throughout  the  year  and  provides  approximately  45  Inches  of 
rain  annually. 

Forest  land  occupies  most  of  the  upper  basin  area  (84  percent  as  of  the 
1973  "Upper  Delaware  River  Study"  prepared  by  the  O.S.  Department  of  the 
Interior,  Bureau  of  Outdoor  Recreation).  These  forests  consist  pri¬ 
marily  of  second  and  third  growth  oak,  hickory,  beech,  birch  and  maple 
with  some  conifers  and  brush.  This  area,  which  Is  used  for  recrea¬ 
tion,  Is  a  major  contributor  because  of  Its  areal  predominance  to 
natural  non-point  source  discharges.  Drainage  of  the  upper  basin  Is 
typical  of  dissected  plateaus  (dendritic  drainage  pattern) .  Approxi¬ 
mately  7  percent  of  the  area  is  devoted  to  agricultural  uses  and  9 
percent  of  the  upper  basin  is  classed  as  developed.  This  Includes  small 
small  communities  and  few  mid-sized  towns  having  no  significant  In¬ 
dustrial  discharge.  Land  ownership  of  the  upper  basin  Is  largely 
private  with  some  publicly  owned  lands. 

The  chief  agricultural  uses  are  farming,  poultry  processing,  and  dairy¬ 
ing.  Sullivan  County  Is  a  primary  site  for  chicken  farm  operations  with 
an  estimated  bird  population  of  2.3  million  (Water  Quality  Management 
Plan,  January  1975).  These  chickens  annually  produce  about  87,200 
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tons  of  manure  or  about  240  tons/day.  Runoff  from  the  poultry  farms  Is 
considered  a  contributor  to  the  non-point  source  load  of  the  Hangaup, 
the  Neverslnk  and  finally,  the  mains tern  of  the  Delaware  River.  Runoff 
from  the  farm  byproduct  (fertilizer)  Is  also  classed  among  the  nonpoint 
sources. 

The  majority  of  the  dairy  farms  are  located  In  Delaware  County,  New 
York.  Runoff  from  these  farms  will  enter  the  West  Branch  of  the 
Delaware  River  and  therefore,  Cannonsville  Reservoir.  Much  of  the 
manure  gathered  from  the  dairy  cows  Is  spread  to  dry  on  land  adjacent 
to  the  farm,  or  used  for  fertilization  of  crop  lands.  Other  sources 
of  waste  contaminant  from  man-related  activities  In  the  Upper  Basin 
Include:  sediment  from  land  runoff,  inorganic  salts  and  minerals 
from  irrigation,  rural  domestic  wastes,  and  pesticides.  Runoff  from 
roads  and  highways  Is  another  source  of  waste  contaminants  (both 
sediment  and  Inorganic  salts) . 

VI. A. 1(b)  Water  Quality 

The  Upper  Basin  Includes  the  East  and  West  Branches  of  the  Delaware 
River  and  the  Delaware  River  itself  from  Hancock  to  Port  Jervis.  As 
shown  in  Table  6-1,  which  indicates  the  chemical  and  physical  quality 
during  the  critical  low-flow  summer  period,  the  quality  of  these  waters 
Is  excellent.  During  other  parts  of  the  year,  the  quality  Is  even 
better.  This  Is  primarily  due  to  the  greater  flows  and  lower  tempera¬ 
tures  which  provide  greater  dilution  capacity  and  retard  biological 
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Table  6-1  Upper  Basin  Water  Quality,  Summer  Mean  Values 
(July  -  Septeii>eT) 


CONSTITUENT,  mg/1 

UNLESS  OTHERWISE 
INDICATED 

WEST  BRANCH 
DELAWARE  RIVER 

AT  HALE  EDDY® 

EAST  BRANCH 
DELAWARE  RIVER 

AT  FISH  EDDY 

DELAWARE  RIVER 

AT  NARROWSBURG 

D.O. 

10.8 

9.9 

8.6 

pH 

6.9 

7.7 

7.2 

BOD5 

- 

- 

1.1 

COD 

5.0 

4.7 

- 

Temperature,  ^C 

14.0 

21.0 

21.0 

Nitrogen,  Total  as  N 

0.93 

0.20 

O.Sl 

Phosphorus,  Total  as  P 

0.018 

0.014 

0.025 

Fecal  Col i forms 

/lOO  ml 

68 

18 

104 

Alkalinity, 

16.0 

14.0 

14.0 

Total  as  CaCO^ 

Hardness , 

27.0 

- 

Total  as  CaC03 

Source:  USGS,  1973-1974  water  quality  records 


a.  1973  data  only 

b.  1974  data  only 
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growth.  Average  dlsaolvad  oxyit^n  varied  from  8.6  to  10.8  mg/1,  while 
conform  levels  varied  from  18  to  104  per  100  ml.  Alkalinity  and 
hardness  were  both  low,  averaging  about  15  and  18  mg/1  respectively. 
Figure  6-1  Indicates  the  relative  position  of  these  sampling  points  In 
relation  to  the  whole  basin. 

The  water  quality  objectives  against  which  the  ambient  water  quality 
should  be  compared  are  listed  in  the  DRBC  Water  Code,  are  discussed  In 
VI.B.l  and  are  contained  In  Appendix  (1).  Conformance  of  the  numer¬ 
ical  water  quality  values  listed  In  Table  6-1  with  the  water  quality 
objectives  of  the  DRBC  does  not  necessarily  assure  compliance  with 
these  stated  objectives.  For  example,  the  water  quality  objectives 
state  that  the  D.O.  must  be  maintained  above  4.0  mg/1  at  all  times. 
According  to  Table  6-1  the  D.O.  does  not  fall  below  8.6  mg/1.  How¬ 
ever,  compliance  la  not  necessarily  reflected  in  these  values  because 
of  the  limited  sampling  frequency  and  number  of  locations. 

Hore  extreme  variations  in  these  parameters  occur  in  selected  regions 
and  diumally.  A  dissolved  oxygen  sag  has  been  noted  in  the  West 
Branch  of  the  Delaware  upstream  of  Cannonsvllle  Reservoir  and  down¬ 
stream  of  two  sewage  treatment  plant  outfalls.  This  is  discussed  more 
fully  in  VI. A, 4.  Large  diurnal  variations  in  pH,  alkalinity  and  D.O. 
occur  in  some  reaches  due  to  the  activity  of  aquatic  weeds,  attached 
algae  and  planktonic  algae. 
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Diurnal  variations  in  D.O.  in  the  West  Branch  of  the  Delaware  upstream 
of  Cannonsvllle  as  large  as  7  mg/1  have  been  noted.  Large  extremes  in 
temperature  due  to  release  of  cold  reservoir  waters  have  also  been 
noted  (Water  Quality  Management  Plan,  Jan.  1975) . 

As  these  temperature  variations  are  of  particular  importance  to  the 
viability  of  existing  and  future  resources,  a  more  complete  discuss¬ 
ion  of  upstream  impoundment  effects  follows. 

Upstream  in^oundments  affect  water  quality  in  a  positive  and  negative 
manner  due  both  to  the  characteristics  of  the  water  released  and 
the  operational  method  of  the  dams.  For  the  area  north  of  Montague, 
the  net  effect  has  been  for  the  most  part  degradatlve  while  down¬ 
stream  more  beneficial  effects  are  realized  due  to  the  Supreme  Court 
decision  of  1954.  This  section  will  highlight  some  of  the  observed 
and  probable  effects  of  the  three  major  upstream  reservoirs,  the 
Neversink,  the  Pepacton,  and  the  Cannonsvllle  impoundment. 

Some  background  on  reservoir  operations  is  needed  In  order  to  define 
these  effects.  New  York  City  operates  these  reservoirs  to  supply 
about  40  percent  of  Its  water  supply  (as  discussed  in  III.A.I),  to 
provide  for  conservation  releases  for  fish  and  wildlife  management, 
and  to  maintain  the  Supreme  Court  ordered  flow  of  1750  cfs  at  Montague. 
The  reservoirs  also  release  excess  capacity  to  supplement  flows  at  Mon¬ 
tague  between  June  15  and  March  15.  These  supplemental  flow  rates 
will  be  decreased  as  New  York  City  water  demand  increases. 


The  City  of  New  York  has  complete  control  over  the  operation  of  these 
reservoirs  in  order  to  maintain  the  required  flow.  In  practice, 
this  has  allowed  New  York  City  to  release  primarily  from  Cannonsville 
Reservoir  because  of  its  summer  eutrophlc  condition.  Releases  from 
the  reservoir  are  also  not  discharged  at  constant  rates.  This  pro¬ 
duces  a  surge  which  has  deleterious  effects  on  downstream  biota  (as 
discussed  in  VI. A. 6). 

One  might  expect  releases  from  inq>oundments  (especially  eutrophlc 
reservoirs)  to  significantly  degrade  the  water  quality  of  the  down¬ 
stream  reaches.  The  significance  of  the  effect  would  depend  on  the 
location  of  the  outlet  works,  the  morphology  of  the  reservoir,  and 
the  trophic  state  of  the  Impoundments,  among  others.  For  example, 
if  the  outlet  works  for  a  short,  deep  eutrophlc  impoundment  draw  from 
the  bottom  waters,  discharge  water  would  be  low  in  collform  organisms, 
pH,  temperature  and  suspended  solids,  but  high  in  CO^  content  and 
possibly  dissolved  iron  and  manganese.  The  D.O.  content  would  depend 
upon  the  reaeration  capacity  of  the  discharge.  On  the  other  hand, 
water  withdrawn  from  the  top  layer  of  such  a  vertically  stratified 
lake  would  be  higher  in  D.O.,  suspended  solids,  temperature  and  pH,  but 

lower  in  CO2  and  dissolved  iron  and  manganese. 

For  long,  thin  impoundments,  such  as  those  found  in  the  upper  Basin, 
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one  mlg^t  expect  the  releases  to  be  of  considerably  better  quality. 

In  these  cases,  the  upper  end  of  the  reservoir  acts  to  trap  large 
amounts  of  the  inorganic  and  organic  sediment  Influx.  Bottom  waters 
drawn  through  such  dam  outlet  works  will  be  higher  In  D.O.,  pH  and 
lower  In  nutrients  and  dissolved  metals  than  would  be  expected  In  a 
reservoir  of  more  uniform  shape.  Significant  temperature  variations 
would  still  be  expected  though. 

With  regard  to  the  New  York  City  Impoundments,  only  downstream  tem¬ 
perature  effects  have  been  considered  significant,  which  is  not  to 
say  that  released  water  has  the  same  quality  as  that  naturally  flow¬ 
ing  downstream.  When  the  River  Master  calls  for  New  York  City  re¬ 
leases,  the  high  release  rates  of  colder  water  (due  to  the  bottom 
draw  of  the  reservoirs)  has  caused  substantial  temperature  variations 
downstream.  During  a  macrolnvertebrate  sampling  program  done  In  1965 
and  1968  (Effects  of  Cannonsville  and  Pepacton  Reservoir  Releases  on 
Aquatic  Life  In  the  Upper  Delaware  River,  July,  1971),  water  tempera¬ 
ture,  as  a  result  of  reservoir  releases,  declined  to  as  low  as  59*F  in 
the  West  Branch  of  the  Delaware  below  Cannonsville  and  to  46”F  In  the 
East  Branch  of  the  Delaware  versus  a  normal  water  temperature  of  66*F. 
During  1966  releases  from  Cannonsville  Reservoir,  water  teiiq>eratures 
dropped  14.5”F  at  a  point  8.1  miles  downstream  and  4.5°F  at  a  point 
44.3  miles  downstream.  Examination  of  acre  recent  USGS  temperature 
data  at  downstream  sampling  stations  confirms  the  above  trends. 
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A  second  effect  on  tenpereture  Is  caused  by  the  neager  flow  rates 
accorded  to  fish  and  wildlife  preservation.  The  existing  conservation 
releases  from  the  three  reservoirs  are  as  shown  in  Table  6-2.  When  the 
idea  of  conservation  releases  was  originally  developed,  these  low  flows 
were  only  designed  to  indicate  the  minimum  historical  flows  occurring 
under  extreme  natural  conditions.  Higher  flow  rates  for  fish  and  wild¬ 
life  preservation  were  Intended.  Because  New  York  City  views  these 
mlnimums  as  sufficient,  high  temperatures  in  water  below  the  dam 
have  occurred.  This  procedure  acts  to  magnify  the  water  temperature 
differential  that  typically  exists  below  Cannonsvllle  Reservoir 
between  slugs  of  cold  water  releases  and  ambient  temperature  levels. 
Below  the  Pepacton  and  Neveraink  Reservoirs  such  temperature  differen¬ 
tials  aren't  as  much  of  a  problem  as  the  high  water  temperatures  due 
to  minimal  releases. 

Recently,  the  New  York  State  Department  of  Environmental  Conservation 
has  suggested  that  conservation  flows  from  the  impoundments  be  in¬ 
creased  about  3  to  5  times  above  summer  releases  and  10  to  16  times 
above  winter  releases  (Proposed  Alternative  Releases  for  the  New  York 
State  Reservoirs  in  the  Upper  Delaware  River  Basin,  1974).  Adoption 
of  this  proposal  would  tend  to  reduce  the  observed  temperature 
variations  and  decrease  the  high  summer  maxlmums. 

Although  these  temperature  fluctuations  and  extremes  are  obviously 
deleterious  to  the  propagation  and  enhancement  of  fish  and  wildlife , 
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RESERVOIR 

CONSERVATION  RELEASE 
Range,  agd  Range,  cfs 

Cannonsvllle 

5-15 

7.7-23.1 

Pepacton 

4-12 

6.2-18.5 

Meverslnk 

3-10 

4.6-15.4 

Source:  Proposed  Alternative  Releases  from  the  Mew  York  City 
Reservoirs  In  the  Upper  Delaware  Basin,  1974. 


it's  apparent  that  the  present  regulatory  system  is  unable  either  to 
devise  or  administer  a  solution  to  the  problem.  In  order  to  affect 
a  change.  New  York  State,  New  York  City,  the  River  Master  and  the  DRBC 
would  have  to  agree  to  the  solution.  Both  the  DRBC  and  New  Yo  -k  State 
would  like  to  see  the  situation  Improved.  However,  it's  unlikely  to 
occur  until  the  constraint  or  New  York  City's  management  of  the  system 
(that  is,  the  eutrophlc  state  of  Cannonsville  Reservoir)  is  removed. 
It's  possible  that  the  Clean  L.ake8  Program  of  PL  92-500  will  initiate 
the  clean-up  or  that  Section  208  planning  will  develop  solutions  to 
the  problem  of  eutrophication  in  the  reservoir. 

As  mentioned  earlier,  other  Impoundment-caused  water  quality  changes 
downstream  of  the  reservoirs  have  not  had  the  adverse  effects  that 
temperature  variations  have  had.  Table  6-3  wl  Ich  shows  summer  and 
annual  averages  of  certc In  water  quality  parameters  both  upstream  and 
downstream  of  Cannonsville  Re  iervoir,  indicates  the  magnitude  of  'Exist¬ 
ing  water  quality  changes.  The  bacteriological  quality  Improved  '  hlle 
no  substantial  changes  In  D.O.  levels  were  observed.  Nutrient  levels 
also  decreased,  which  could  indicate  that  a  substantial  amount  of  nu¬ 
trients  remain  trapped  In  the  upper  reaches  of  the  reser  'olr  as  settled 
Inorganic  particles  and  organic  detritus.. 

Repulsion  of  the  salinity  gradient  and  low-flow  augmentation  have  been 
the  major  positive  effects  of  upstream  Impoundments.  According  to 
the  DRBC,  the  addition  of  the  extra  upstream  reservoir  capacity  has 


2 


o 

00 


n 

eo 


OHO 


0\  00 


CM 


CM  \0  •O' 

•  •  • 

0\  O  H 


B 

o 

2^ 
o  o 
o  p 


«# ' 
u 

lb 


a 

o 

n 


4 

u 

o 


a 

«  2 

60 

O  W 
U  4 


o 


o 


Ov 

CM 

\o 

O 

« 

• 

• 

• 

tn 

9^ 

c 

O 

o 

•o 

.H 


4 
•  4 
n 

3  • 
M  >-1 
O  4 
JS  U 
Ok  o 

4  U 
O 

x: 

pu 


o\ 

H 

I 

«n 

h* 

o 


4 

O 

>k 

4J 


M 

« 

U 


CO 

u 

(O 

o 


s 

M 

3 


allowed  the  Commission  to  almost  meet  the  3,000  efs  flow  objective 
at  Trenton  during  a  drought  condition.  This  monthly  average  flow 
value  of  3,000  cfs  was  chosen  to  protect  the  existing  beneficial  uses 
of  water  from  seawater  intrusion.  Higher  minimum  flow  rates  also  In¬ 
crease  the  waste  assimilative  capacity  by  providing  more  water  for 
dilution,  for  higher  aeration  rates  due  to  Increased  velocities  and 
for  faster  assimilation  because  of  the  increased  oxygen  flow. 

In  summary,  water  temperature  decreases  In  reaches  downstream  from 
the  Impoundments  have  been  the  major  observed  negative  effect.  In 
the  lower  Delaware  River  and  estuary,  greater  control  of  downstream 
releases  has  given  the  DRBC  the  ability  to  reduce  water  quality  de¬ 
gradation  during  low-flow  periods  and  has,  therefore,  been  beneficial. 


VI. A. 2  CONTIGUOUS  AREAS 

VI. A. 2 (a)  Features 

The  contiguous  area  consists  of  five  counties  and  three  states  (Pike 
and  Monroe  Counties  in  Pennsylvania,  Sussex  and  Warren  In  New  Jersey, 
and  Orange  County  in  New  York).  The  northwestern  portion  of  the  con¬ 
tiguous  area  Is  located  In  the  Southern  Appalachian  Plateau  and  In¬ 
cludes  the  Pocono  Mountains  and  the  Stroudsburgs .  The  area  reaches 
maximum  elevations  of  approximately  2,000  feet  above  sea  level  and 
consists  of  gently  rolling  ridges  and  drainage  divides.  A  portion 
of  the  contiguous  area  near  the  Delaware  Water  Gap  National  Recreation 
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Area  and  the  New  Jersey  sector  is  characterised  by  parallel  ridges 
running  east  to  south-west.  These  comprise  the  Klttatlny  Mountain 
Ridge  of  the  Shawangunk  Mountains. 


The  contiguous  area  contains  mostly  unspoiled  lands  In  their  natural 
state.  The  Pennsylvania  side  of  the  contiguous  area  Is  primarily  for¬ 
est  land,  some  of  which  Is  In  a  climax  state.  The  New  Jersey  portion 
varies  from  heavily  forested  land  to  cleared  agricultural  land.  The 
Hlghpolnt  State  Park  and  Stores  State  Forest  are  located  atop  the 
Klttatlny  Ridge. 

Eight  major  drainage  basins  are  located  In  the  contiguous  area.  The 
Brodhead  Creek  (186,970  acres  ),  Bushkill  (106,166  acres),  and  the 
Pocono  Plateau  (105,406  acres)  represent  the  three  largest  Pennsyl¬ 
vania  drainage  basins.  The  Paulins  Kill  (112,347  acres)  is  the  largest 
of  the  New  Jersey  basins  and  second  largest  overall  within  the  con¬ 
tiguous  area. 

VI. A. 2(b)  Water  Quality 

As  shown  In  Table  6-4,  a  compilation  of  data  collected  by  USGS  and 
Hydroscience  for  summer  low-flow  conditions,  water  quality  In  this  area 
Is  again  very  good  to  excellent.  B.O.  varied  from  8.2  to  8.6  mg/1, 

BOD  ranged  from  1.2  to  1.5  mg/1,  and  alkalinity  varied  from  13.0  to 
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Table  6-4  Delaware  River  Water  Quality  Befa^een  Port  Jervis  and 
locks  Island  Sumner  Mean  Values  (July  ~  ^eotenber) 


CONSTITUENT,  mg/l  UNLESS 
OTHERWISE  INDICATED 

PORT  JERVIS 

DINGMANS  FERRY** 

DELAWARE  WATER** 
GAP 

D.O. 

8.6 

8.2 

8.2 

pH 

7.1 

7.1 

7.3 

BODj 

1.2 

1.2 

1.5 

COD 

6.0 

- 

- 

0 

Temperature ,  C 

19.0 

21.0 

21.0 

Nitrogen,  Total  as  N 

0.54 

.54 

00 

• 

Phosphorous,  Total  as  P 

0.017 

0.02 

0.03 

Fecal  Callforots 
#/100  ml 

40.0 

50.0 

108 

Alkalinity, 

Total  as  CaCO^ 

13.0 

15.2 

17.0 

Hardness, 

Total  as  CaCO^ 

23.0* 

- 

Suspended  solids 

3.0 

2.0 

6.0 

Source:  USGS  and  Hydrosclence,  1973>1974 


a.  USGS  data  only 

b.  Hydroscience  only 


17.0  ng/1  during  the  sampling  period. 


Although  the  frequency  of  data  collection  la  not  adequate  to  determine 
compliance  with  all  DRBC  water  quality  objectives,  the  monthly  data 
Indicate  that  all  water  quality  objectives  are  being  met.  Dlumsl 
variations  developed  from  data  collected  by  Hydroscience  are  not  great, 
as  D.O.  varied  from  7.1  to  9.4  mg/1  and  pH  from  6.3  to  7.6.  Because 
of  low  alkalinity  though,  significant  photosynthetic  activity  could 
Increase  pH  values  sharply. 


VI. A. 3  LOWER  REACH  AND  ESTUARY 

VI. A. 3(a)  Features 

The  downstream  reach  of  the  basin  Includes  the  Lehigh  River  and 
Schuylkill  River  tributaries.  Major  cities  Include  Welssport,  Allen¬ 
town,  and  Bethlehem  on  the  Lehigh  River  and  Reading,  Pottsvllle,  and 
Philadelphia  and  Its  suburbs  on  the  Schuylkill  River.  The  Lehigh 
and  the  Schuylkill  drain  large  areas  of  agricultural  land.  Both  rivers 
are  heavily  Influenced  by  industrial  dischargers. 

Moving  south  on  the  malnsteam,  Trenton  Is  the  first  large  city  en¬ 
countered.  The  city  of  Trenton  and  lands  directly  south  contribute  to 
industrial  point-source  discharges.  Philadelphia  and  Camden  add  to  the 
point-source  discharge  to  the  point  of  creating  a  prominent  "D.O.  sag" 
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(see  VI. A. 7).  Wllailngton,  Delaware  and  Bridgetown,  New  Jersey  add 
to  the  point-source  discharges  in  the  estuary /bay  area. 


VI. A. 3(b)  Water  Quality 

Water  quality  in  the  nontidal  downstream  reach  between  East  Stroudsburg 
and  Trenton  is  generally  good.  As  shown  in  Table  6-5  which  lists  the 
water  quality  as  defined  by  suoner  averages  of  data  collected  by  Hydro¬ 
science  and  USGo,  most  water  quality  objectives  are  met,  although  the 
observed  mean  value  for  fecal  coliform  concentrations  is  greater  than 
the  objective  of  200  mg/1.  Comparisons  between  DRBC  Zones  ID  and  IE  (ID 
is  the  upper  section  of  the  downstream  reach)  indicate  a  general 
reduction  in  water  quality  as  BOD  and  alkalinity  Increased  from  1.8 
and  30.1  mg/1  to  2.4  and  49.5  mg/1  respectively. 

The  tidal  portion  of  the  River  between  Trenton  and  Liston  Point  has 
the  worst  water  quality  of  any  of  the  sections  previously  character¬ 
ized.  Included  in  this  section  are  DRBC  Zones  2-5.  As  shown  in 
Table  6-6  average  summer  low-flow  D.O.  varies  from  1.6  to  8.9  mg/1, 
pH  varies  from  6.8  to  7.5  mg/1,  Cl  from  17  to  633  mg/1  and  hardness 
from  62  to  220  mg/1.  Differences  in  Cl,  because  of  varying  tidal 
Influence  in  each  reach,  are  reflected  in  the  data  as  are  the  hardness 
variations.  Fecal  coliform  counts,  of  particular  importance  to  re¬ 
creational  use  and  the  contamination  of  shellfish  beds,  ranged  from 
55  to  4230  per  100  ml,  compared  with  the  fecal  coliform  water  quality 

objective  of  770  per  100  ml. 
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Table  6-5  Water  Quality  Characteristics  in  the  Delaware  Between 
Tocks  Island  and  Trenton 


CONSTITUENTS,  mg/1 
unless  otherwise 

Indicated 

ZONE  ID 

Between  Tocks  Island 
and  Easton 

zxm  IE 

Between  Easton 
and  Trenton 

BOD 

1.8 

2.4 

D.O. 

7.6 

7.6 

pH 

7.4 

7.7 

Temperature,  ^C 

22.0 

21.0 

Nitrogen, 

Total  as  N 

0.92 

1.65 

Phosphorus , 

Total  as  P 

0.04 

.10 

Cl 

8.6 

11.6 

Fecal  Conforms 
#/100ml 

300 

319 

Alkalinity 

30.1 

49.5 

Hardness 

- 

- 

Suspended  Solids 

8 

10.0 

Source:  Hydroscience  and  USGS,  1973-1974 


Table  6-6  Water  Qunllty  Cttaracterlnttcs  In  ttic  Dclawar*;  Estuaty 


CONSTTTHFNTS, 

«g/l  imi.K.ss 

OTHERWISE 

1NDICATV71 

7,0NE  7.  AT 
F1/>RENCE, 

NEW  jraSEY 

ZONE  3  AT 
?H1LADR1,?\1IA 
NORTHEAST 
SWAGE  PLANT 

ZONK  4  AT 
PAI'r..':BORO 

ZONE  5  AT 
NEW  CASI  I.K 

BOD 

3.2 

4.4 

6.1 

3.0 

D.O. 

8.9 

4.6 

1.6 

2.9 

pH 

7.5 

7.3 

7.0 

6.8 

Temple 

24.5 

25.4 

25.0 

24.5 

Nltrocen, 

Tot. 'll  us  N 

2.2 

3.1 

4.7 

4.6 

PhospViorus , 

Tot-il  .IS  P 

.31 

0.35 

.26 

0.26 

Cl 

17 

22 

36 

633 

Fecal 

Conforms 

#/100ml 

55 

3838 

4230 

756 

Alkalinity, 
total  as 
CaCO^ 

36 

36 

* 

35 

22 

Hardness  - 
total  as 
CaC03 

68 

62 

90 

220 

Turbidity 
mg/1  SlOj 

16.50 

16 

12 

24 

Source:  USGS,  Water  quality  data,  1969-1970. 
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Because  the  D.O.  sag  Is  of  such  Importance  to  the  fishery  re¬ 
source,  Its  location,  duration,  and  magnitude  are  fully  discussed 
In  VI. A. 6  (a).  Observed  D.O.  values  are  directly  related  to  stream 
flow.  Increased  flow  at  Trenton  significantly  shifts  the  location 
and  magnitude  of  the  dissolved  oxygen  profile.  Another  effect  of 
flow  Is  through  tide  stage.  Investigations  of  tide  stage  versus 
dissolved  oxygen  concentration  within  the  estuary  Indicate  that  the 
D.O.  sag  Is  not  stationary,  but  moves  up  and  down  the  river  with  the 
tide.  In  addition,  within  a  24  hour  period,  any  sampling  station  In 
the  estuary  may  be  subjected  to  a  wide  rage  of  dissolved  oxygen 
concentrations . 

Because  of  the  heavily  Industrialized  and  developed  nature  of  the  area, 
heavy  metal  concentrations  are  Increasing.  Table  6-7  lists  the 
concentrations  of  heavy  metals  In  water  samples  taken  along  the  Dela¬ 
ware  estuary.  Heavy  metal  contributions  to  the  estuary  come  from 
both  municipal  and  Industrial  effluents  and  both  coiid>lned  and  separ¬ 
ate  stormwater  overflows.  An  EFA-sponsored  study  completed  by  URS 
Research  Company  substantiated  this  conclusion  by  measuring  the  con¬ 
centration  of  heavy  metals  In  urban  runoff  from  representative  cities 
around  the  U.S.A.  In  addition  to  heavy  metals,  stormwater  runoff, 
especially  combined  runoff,  exerts  a  significant  D.O.  demand  on  the 
receiving  waters.  This  observation  has  been  validated  In  the 
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Source:  "An  Historical  Look  at  the  Water 
Quality  of  the  Delaware  River  Rs- 
tuary  to  1973,"  ANSP,  197A. 


VI- 2  2 


Philadelphia  area  where  It  was  shown  that  the  D.O.  sag  caused  by  stom 
water  runoff  can  have  a  sl^lflcant  effect  on  downstreaa  D.O.  values. 
In  this  particular  case,  the  0.0.  sag  reached  Its  lowest  value  after 
6  days. 

The  water  quality  of  the  bay  from  Liston  Point  to  the  sea  at  Capes 
Hay  and  Henlopen  Is  primarily  determined  by  Intruding  seawater. 
Dissolved  oxygen  values  are  usually  near  saturation  levels,  as  pollu¬ 
tion  loadings.  In  terms  of  oxygen-demanding  materials,  are  largely 
dissipated  before  reaching  the  bay.  However,  the  high  concentra¬ 
tions  of  conform  bacteria  sometimes  found  in  the  area  have  closed 
beaches  and  contaminated  shellfish  seed  beds. 

VI. A. 4  WATER  QUALITY  MODELS 

Mathematical  water  quality  models  exist  for  many  sections  of  the 
Delaware  River  and  estuary.  Because  of  the  heavily  urbanized  and 
developed  nature  of  the  estuary  area,  most  models  have  dealt  with 
these  segments.  Their  prime  function  has  been  to  guide  the  alloca¬ 
tion  of  present  and  future  waste  discharges  so  that  water  quality 
objectives  can  be  met. 

VI. A. 4 (a)  Background 

Some  Important  characteristics  of  models  should  be  reviewed  before 
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a  description  of  their  results  can  be  presented.  These  include  the 
temporal  and  spatial  variability  considered  by  the  models,  the  veri¬ 
fication  and  calibration  of  the  model  and  the  water  quality  infor¬ 
mation  being  predicted. 

Because  of  the  temporal  variability  Inherent  in  the  flow  regime  of 
the  Delaware,  In  the  municipal  and  Industrial  effluent  discharges 
Into  the  river  and  estuary,  and  in  the  diurnal  nature  of  photosyn¬ 
thetic  activity,  modal  treatment  of  time  variations  is  extremely 
Important.  Steady-state  models  assume  all  variables  are  independent 
of  time,  that  Is,  they  assume  constant  flow  conditions  for  the  Dela¬ 
ware  and  its  waste  dischargers.  Photosynthetic  activity  is  also 
assumed  to  occur  at  a  constant  rate.  Some  of  the  models  even  treat 
urban  stormwater  runoff  and  combined  sewer  overflows  (now  determined 
to  be  a  major  source  of  stream  quality  degradation)  as  a  constant 
input,  even  though  such  effluent  is  produced  only  during  stoichastic 
precipitation  events.  In  terms  of  spatial  treatment,  most  models 
are  one-dimensional,  that  is,  they  consider  the  effluent  to  be 
completely  mixed  across  the  horizontal  and  vertical  axes  of  Che  stream. 
Variations  along  the  longitudinal  axis  of  the  stream  are  usually  the 
only  spatial  variability  assumed. 

Model  testing  and  verification  is  necessary  to  determine  the  model's 
ability  to  characterize  existing  water  quality.  These  deterministic 
models  contain  many  rate  coefficients  whose  effect  upon  the  result  is 


extremely  liq>ortant.  In  the  verification  process,  the  effect  of  these 
variables  may  be  determined  and  refinements  subsequently  made  In  their 
value  so  that  the  model  will  accurately  describe  existing  and  predict 
future  conditions  under  a  similar  range  of  river  flows. 

Once  the  models  have  been  tested  and  verified,  projections  of  future 
water  quality  can  be  made  by  inputting  different  waste  management 
schemes.  As  mentioned  initially,  the  ultimate  capacity  of  the  receiv¬ 
ing  stream  to  accept  certain  types  of  pollution  can  also  be  determin¬ 
ed  so  that  waste  dischargers  to  a  particular  reach  of  the  river  can  be 
allocated  fair  and  equitable  portions  of  the  stream's  assimilative 
capacity.  The  above  process  is  important  because  it  is  the  process 
by  which  the  DRBC  determines  the  levels  of  treatment  (above  secondary 
treatment)  to  be  provided  by  waste  dischargers. 

VI. A. 4(b)  Models 


The  only  model  developed  at  present  for  the  Delaware  River  in  the 
Upper  Basin  was  prepared  by  Hydroscience.  This  steady-state  model 
can  determine  BOD  and  D.O.  levels  in  the  West  Branch  of  the  Delaware 
above  Cannonsvllle  Reservoir  under  constant  river  and  waste  flow 
conditions.  No  proviflons  for  non-point  source  additions  were  in¬ 
cluded  in  the  model.  Calibration  and  verification  of  the  model 
produced  results  very  similar  to  those  observed  In  the  concurrent 
water  quality  monitoring  study.  Operations  of  the  model  showed  that 
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a  D.O.  sag  will  occur  below  both  the  Village  of  Stamford  and  Walton 
sewage  treatment  plants  under  low  flow  conditions.  Diurnal  D.O. 
measurements  and  an  approximate  accounting  of  nitrogen  and  phosphorus 
Inputs  Indicate  that  diurnal  variations  now  occurring  are  primarily 
related  to  nutrients  from  non-point  sources. 

In  the  remaining  segments  of  the  basin,  many  models  have  been  devel¬ 
oped  for  allocation  of  BOD,  for  salinity  gradient  movement  and  for 
D.O.  variations.  Table  6-8  lists  the  models  with  their  developers, 
users  and  areas  covered.  Table  6-9  shows  some  of  the  operational  para¬ 
meters  that  characterize  the  respective  models.  The  following  dis¬ 
cussion  will  highlight  the  major  results  of  the  modeling  efforts 
applied  to  the  Delaware  River  and  estuary. 

In  the  Hydroscience  effort,  the  time-varying  WASP  model  showed  that 
water  quality  problems  in  the  upper  Delaware  are  due  primarily  to 
non-point  sources,  as  it  is  suggested  that  further  point-source  control 
will  have  little  effect.  Minimum  D.O.  violations  will  probably  occur 
during  Che  summer  months  due  to  plant  biomass  and  not  waste  discharges. 
Operation  of  the  WASP  model  by  Hydroscience  indicated  the  utility  of 
time-varying  formulations  to  predict  maximum  dlumaj'.  D.O.  fluctuations 
and  Che  importance  of  rooted  aquatic  macrophytes  in  influencing  diurnal 
D.O.  variations  and  affecting  downstream  D.O.  consumption. 
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Source:  Betz  Engineers  1975 
^URS/Madlgan  Praeger  1975 


Specific  conclusions  of  Che  study  Include:  (1)  the  water  quality 
management  problems  of  the  non-Cldal  reach  above  Trenton  are  primar¬ 
ily  related  to  non-polnC  source  discharges;  (2)  violations  of  the 
DRBC  minimum  dissolved  oxygen  level  of  4.0  mg/1  will  occur  due  to  photo¬ 
synthetic  activity  if  higher  levels  of  nutrient  input  and  resulting 
aquatic  plant  growth  continue;  (3)  increased  plant  biomass  as  a  result 
of  nutrient  loads  is  directly  responsible  for  observed  D.O.  variations; 
(4)  major  nutrient  sources  in  the  area  are  from  tributaries  and  not 
waste  treatment  plants  located  along  the  Delaware  River;  (5)  rooted 
aquatic  plants  are  the  najor  plant  species;  (6)  the  observed  D.O. 
sag  at  Bristol  is  at  least  partly  due  to  the  BOD,  NOD  and  organic 
detritus  contributed  by  Zone  1;  organic  particle  settling  followed  by 
benthic  oxygen  demand  exertion  has  been  suggested  as  the  prime  factor; 
(7)  water  quality  projections  by  the  model  indicate  that  increased 
wastewater  loadings  will  Increase  the  magnitude  of  the  D.O. sag  and 
the  growth  of  aquatic  plants.  The  effect  of  non-point  nutrient 
sources  on  plant  growth  and  resulting  oxygen  respiration  will  still 
predominate  though. 

Development  and  application  of  STREM,  the  steady-state  model  for  the 
Delaware  between  Easton  and  Trenton,  yielded  results  complimentary 
to  those  developed  in  the  WASP  analysis.  These  results  showed  that; 

(1)  municipal  and  industrial  dischargers  contribute  little  to  the 
observed  D.O.  decreases,  but  that  increases  in  their  organic  and 
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nutrient  output  will  undoubtedly  lead  to  degradatory  conditions; 

(2)  observed  diurnal  variations  In  D.O.  are  primarily  caused  by  the 
respiratory  activity  of  attached  and  rooted  aquatic  plants  and  free- 
floating  phytoplankton;  (3)  nutrient  levels  In  the  area  are  fairly 
high  and  contribute  to  diurnal  D.O.  variations  through  aquatic  plant 
growth;  (4)  carbonaceous  and  nitrogenous  material  from  the  upper  Dela¬ 
ware  and  Lehigh  Rivers  create  the  most  significant  oxygen  demand  on 
the  River;  (5)  water  quality  objectives  within  the  area  will  be  main¬ 
tained  in  spite  of  increased  effluent  discharges,  although  the  effects 
of  the  growth  and  activity  of  aquatic  plants  is  not  presently  known 
and  could  substantially  change  this  projection. 

The  DECS  modeling  effort  was  one  of  the  first  modeling  efforts  de¬ 
signed  to  give  decision-makers  well-quantified  choices  on  water 
quality  management  plans.  This  model  predicted  it  was  possible  to  main¬ 
tain  various  D.O.  levels  with  different  treatment  levels,  thus  indi¬ 
cating  that  point  source  discharges  were  the  primary  cause  for  low 
observed  D.O.'s.  As  will  all  steady-state  models,  the  results  are 
open  to  question  due  to  their  handling  of  highly  time  variable  para¬ 
meters.  This  model  also  treated  combined  storm  sewer  overflows  as  a 
constant  source  and  apparently  assumed  an  improper  rate  coefficient  for 
nitrogenous  demand.  Other  important  considerations  the  model  does  not 
deal  with  are  conservative  pollutants,  the  effects  of  algae,  zoo¬ 
plankton,  benthic  organisms  and  fish,  and  sediment  oxygen  demand. 
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The  DECS  model  was  reevaluated  and  modified  In  1973  by  EPA  to  a»re 
closely  simulate  natural  conditions  by  changing  the  nitrogenous  oxy¬ 
gen  demand  computation.  Results  from  the  study  Indicated  that  nitro¬ 
genous  oxygen  demand  was  significant  and  rsconsianded  more  complete 
study  before  specific  actions  are  taken.  To  maintain  D.O.  levels  at 
present  standards,  the  study  Indicated  that  9S  percent  removal  of 
carbonaceous  oxygen  demanding  waste  and  SO  percent  removal  of  nitro¬ 
genous  oxygen  demand  is  necessary.  Furthermore  It  showed  that  even 
100  percent  carbonaceous  oxygen  demand  and  85  percent  nitrogenous 
oxygen  demand  removal  could  not  guarantee  maintenance  of  the  Interior 
Department  Committee's  A.O  mg/l  D.O.  standard.  Finally  the  importance 
of  stormwater,  benthic  and  tributary  pollutant  waste  loads  at  high 
levels  of  waste  treatment  was  examined.  A  discussion  of  the  remain¬ 
ing  salinity  models,  the  United  Engineer's,  the  URS  statistical,  and 
the  DECS  111,  Is  contained  in  Chapter  IX. H.  Chapter  IX. H  also  dis¬ 
cusses  the  application  of  a  modified  DECS  model  to  describe  salinity 
changes  as  a  function  Delaware  River  and  outflow,  while  Chapter  IX. B 
delineates  the  effects  of  Delawara  River  outflow  variation  on  D.O. 
concentrations  In  ths  sstuary  through  the  application  of  the  DECS 
program. 
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VI. A. 5  DELAWARE  RIVER  WATER  QUALITY  MANAGEMENT 


On  October  27,  1961,  the  states  of  Delaware,  New  Jersey,  New  York  and 
the  Commonwealth  of  Pennsylvania,  and  the  United  States  of  America 
enacted,  throu^  the  Congress  of  the  United  States,  the  Act  entitled 
"The  Delaware  River  Basin  Compact."  The  five  signatory  parties,  having 
sovereign  right  and  responsibility  of  the  water  resources  of  the  basin, 
formed  the  Delaware  River  Basin  Commission  to  provide  a  single  adminis¬ 
trative  agency  to  properly  plan  and  utilize  the  water  resources  of  the 
Delaware  River  Basin  to  meet  present  and  projected  demands,  remove  con¬ 
troversy  over  the  Interdependent  uses  of  the  basin,  provide  interstate 
cooperative  planning,  and  "to  apply  the  principle  of  equal  and  uniform 
treatment  to  all  water  users  who  are  similarly  situated  and  to  all  users 
of  related  facilities,  without  regard  to  established  political  bound¬ 
aries." 

It  is  the  job  of  the  Delaware  River  Basin  Commission  to  encourage 
uniform  planning  and  development  of  the  basin  resources .  The  Commission 
has  the  power  to  develop  and  effectuate  plans  and  is  required  to  form¬ 
ulate  and  adopt  a  "Comprehensive  Plan"  presenting  the  quantity  and 
quality  of  water  resource  needs  of  the  basin. 

Development  of  the  Comprehensive  Plan  is  a  continuing  process.  The 
Commission  may  adopt  or  modify  portions  of  the  Comprehensive  Plan  as 
deemed  necessary  to  promote  the  broad  objectives  of  the  Compact,  which 
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Include  the  maintenance  of  water  quality  adequate  for  beneficial 
purpoaes.  The  Comprehensive  Plan  serves  not  only  as  a  general 
guide  for  development  of  the  water  resources,  but  also  as  a  regula¬ 
tory  document  to  prohibit  development  that  does  not  conform  to  the 
Plan.  In  this  respect.  It  Is  a  codification  of  administrative  laws 
adopted  by  an  administrative  agency,  and  as  such.  Its  various  parts 
are  each  subjected  to  careful  and  extensive  study  before  adoption. 

The  Plan  continues  to  grow  In  scope  as  the  Commission,  almost  monthly, 
adds  new  projects,  policies,  criteria,  and  standards. 

Included  within  the  general  powers  of  the  Delaware  River  Basin 
Commission  is  the  establishment  of  planning,  design  and  operation 
standards  for  all  project  facilities  within  the  basin  affecting  water 
quality.  The  Commission  may  conduct,  or  sponsor,  the  research  of 
water  resources  within  the  basin,  and  Interpret  data  from  the  research 
to  properly  manage  the  basin  resources.  The  Commission  is  charged  to 
review  all  projects  having  substantial  effect  on  the  water  resources 
of  the  basin,  and  reject  those  projects  which  would  substantially 
impair  or  conflict  with  the  Comprehensive  Plan  of  the  Commission. 

The  Delaware  River  Basin  Commission  has  the  power  to  regulate  the 
flows  and  supplies  of  surface  and  ground  waters  In  the  basin  for 
stream  quality  control.  This  includes  the  power  to  acquire,  operate 
and  control  the  facilities  utilized  for  the  storage  of  basin  waters. 
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la  order  to  avoid  conflicts  of  jurisdiction  between  federal,  state 
and  local  agencies  proposing  projects  In  the  basin  and  the 
Delaware  River  Basin  Connlsslon,  all  projects  shall  be  undertaken  In 
consultation  with  the  Commission  and  all  projects  shall  first  have 
been  Included  by  the  Commlsalon  In  the  comprehensive  plan.  The  DRBC's 
review  of  wastewater  systems  »  well  as  other  projects  affecting 
the  water  resources  of  the  Basin,  Is  mandated  by  Section  3.8  of  the 
Compact,  which  states,  in  part,  that: 

"No  project  having  a  substantial  effect  on  the  water 
resources  of  the  basin  shall  hereafter  be  undertaken 
by  any  person,  corporation  or  governmental  authority 
unless  It  shall  have  been  first  submitted  to  and 

approved  by  the  Commission .  The  Commission  shall 

approve  a  project  whenever  it  finds  an-'  determines 
that  such  project  would  not  substantially  Impair  or 
conflict  with  the  Comprehensive  Plan  and  (the 
Commission)  may  modify  and  approve  as  modified  , 
or  may  disapprove  any  such  project  whenever  It  finds 
and  determines  that  the  project  would  substantially 
Impair  or  conflict  with  the  comprehensive  plan... 

Any  determination  of  the  commission  hereunder  shall 
be  subject  to  judicial  review  in  any  court  of  compe¬ 
tent  jursldlctlon." 


VI«A.5(a)  Technical  Planning  Aas»"»ptloas 

The  primary  Delaware  River  Basin  water  resources  policy  issues  may  be 
considered  within  the  following  six  areas:  (1)  salinity  control  flows 
at  Trenton;  (2)  drou^t  or  flood  frequency  protection;  (3)  water 
supply  requirements;  (4)  priority  of  water  uses;  (5)  exportation 
and  Importation  of  water  and  (6)  legal  liiq>llcatlons.  These  Issues 
may  overlap  or  Interact.  A  change  in  one  assumption  may  affect  the 
planning  and  implementation  of  the  other.  The  range  of  policy  issues 
and  associated  technical  planning  assumptions  under  continuing  evalu¬ 
ation  by  the  Delaware  River  Basin  Commission  are  presented  In 
Figure  6-2. 


Vl«A«5Cb)  Constraints  Upon  Manaaeaent 

The  Delaware  River  Baain  Commlaslon  Conprehenalve  Plan  was  initiated 
in  1962  and  is  frequently  updated  to  maintain  its  applicability 
to  present  situations.  Since  the  Comprehensive  Plan  was  first 
adopted,  a  number  of  Federal  acts  have  been  loq>lemented .  These 
Include  the  Water  Resources  Planning  Act  of  1963,  the  National 
Environmental  Policy  Act  of  1969,  and  the  Federal  Water  Pollution 
Control  Act  of  1972.  The  DRBC  has  not,  as  yet,  reevaluated  all 
the  basic  policy  Issues  to  be  found  within  Phase  I  of  its 
Comprehensive  Plan.  Therefore,  some  of  the  DRBC  policies  are  not 
directly  in  synchronization  with  some  of  the  later  Federal  laws. 

In  October  1973,  the  Water  Resources  Council  (WRC) ,  issued  its 
"Principles  and  Standards"  which  establish  planning  methodology 
and  Federal  participation  in  water  resources  planning.  Three 
planning  levels  are  Included  within  the  Principles  and 
Standards.  The  first  Level  A,  consists  of  framework  studies 
of  the  major  regions.  The  second.  Level  B,  Includes  regional  and 
river  basin  plans.  The  DRBC  has  indicated  its  Intention  of 
carrying  out  a  Level  B  study,  and  its  application  has  been 
assigned  a  high  priority  among  those  submitted  to  the  WRC.  Upon 
completion  of  the  Level  B  study,  the  DRBC  Comprehensive  Plan 
may  be  amended  accordingly.  The  third  level  of  WRC  planning  is 
project  feasibility  studies.  The  DRBC  Comprehensive  Plan 
conforms  in  various  aspects  to  this  planning  level  which  in¬ 
cludes  authorization  and  implementation  of  specific  programs  or 
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projects  resulting  from  the  framework  studies  and  river  basin 
plans . 

One  problem  Is  the  uncoordinated  evolution  of  planning  assumptions 
due  to  the  varying  needs  of  the  signatory  parties.  The  demands  of 
the  signatory  states  will  naturally  change  as  a  function  of  time. 

This  Is  due  to  increased  urbanization  (i.e.,  water  supply),  demand 
for  recreation,  and  the  upgrading  of  water  quality  criteria  by  both 
state  and  federal  governments.  These  variations  have  produced  policy 
Inconsistencies  which  may  act  as  planning  constraints. 

An  example  of  conflicting  needs  can  be  seen  in  relation  to  the  water 
supply  exports  to  New  York  City  and  the  need  for  flows  to  control  sal¬ 
inity  gradient  intrusion  In  the  lower  reaches  of  the  Delaware  River 
estuary.  In  1954  the  U.  S.  Supreme  Court  required  New  York  City  to 
augment  the  low  flows  of  the  Delaware  River  as  compensation  for  storing 
water  from  high  flows  and  diverting  up  to  800  million  gallons  out  of 
the  Delaware  River  basin.  The  1954  decree  established  a  minimum  flow 
of  1,750  cfs  at  the  Montague,  New  Jersey,  gauging  station.  The  Compact 
specifically  prohibits  the  Commission  from  changing  the  diversion 
rights  on  downflow  requirements  of  the  1954  Supreme  Court  decree. 
However,  the  Commission  may  act  to  temporarily  modify  flow  requirements 
during  time  of  a  drought  or  catastrophe.  This  may  be  done  only  after 
unanimous  consent  of  Commission  members. 
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The  Conmilsslon  has  assumed  the  responsibility  for  reimbursing  the 
Federal  Government  for  costs  of  water-supply  storage  in  multi-purpose 
reservoirs  constructed  by  Che  Federal  Government  in  the  Delaware  River 
Basin.  Parties  using  waters  from  these  reservoirs  are  required  to  pay 
uniform  rates  for  the  water,  thereby  sharing  in  the  costs.  In  this  way, 
the  Commission  can  repay  the  cost  of  providing  the  water-storage 
facilities.  This  procedure  evolved  from  the  flow  restraints  placed  by 
the  195A  Supreme  Court  Decree. 


VI. A. 6  DELAWARE  RIVER  FISHERIES  RESOURCE  OVERVIEW 


Values  of  the  physical  and  chemical  parameters  (i.e.,  salinity,  tem¬ 
perature,  dissolved  oxygen)  which  characterize  the  Delax^are  River 
system  range  widely  depending  upon  location.  The  aquatic  biota  of  the 
river  and  estuary  are  correspondllngly  diverse,  and  throughout  most  of 
the  Delaware  Basin  waters,  extremely  productive.  As  a  result,  abrupt 
and  marked  changes  from  ambient  conditions,  whether  they  are  due  to 
unexpected  natural  shifts  or  Introduced  stress  factors,  can  impart  con¬ 
siderable  damage  to  the  fisheries  resource  and  limit  its  productivity. 

VI. A. 6(a)  Problem  Areas 

The  most  significant  problem  area  on  the  Delaware  River  is  the  D.O. 
block  in  the  estuarine  region  near  Philadelphia  (VI. A. 3(b).  The  con¬ 
tinued  survival  of  the  anadromous  fish  attempting  to  pass  through  this 
region  to  spawn  in  swift,  high  quality  waters  upstream,  or  to  move  out 
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to  sea.  Is  jeopardized  by  this  D.O.  sag. 

Due  to  Its  cotmnerclal  and  game  fish  value,  the  American  Shad  has  re¬ 
ceived  the  most  attention  In  relation  to  the  dissolved  oxygen  quality 
of  the  river. 

Lethal  values  of  D.O.  range  from  2.0  to  4.0  mg/1,  depending  on  the 
length  of  exposure  and  age  of  the  shad.  As  shovm  In  Table  6-10, 
minimum  D.O.  levels  during  summer  low-flow  periods  consistently  drop 
below  these  figures.  Even  the  maximum  values  for  summer  conditions 
at  Paulsboro  and  Cherry  Island  fall  within  the  lethal  range.  Whereas 
lethal  effects  of  low  dissolved  oxygen  are  readily  apparent,  the  sub- 
lethal  effects  (e.g.,  rapid  gulping  or  refusal  to  eat)  may  act  to 
weaken  or  elevate  the  oxygen  requirement  of  the  fish  leading  to  even¬ 
tual  mortality.  Most  of  the  values  In  Table  6-10  could  be  considered 
as  directly  (lethal)  or  indirectly  (sub-lethal  or  preventing 
successful  spawning)  damaging  to  the  shad  moving  through  this  area 
during  the  summer.  Though  It  should  be  recognized  that  these  values 
represent  selected  sample  sites  and  not  a  homogeneous  block,  the 
measurements  In  the  middle  of  the  channel  and  at  a  depth  of  3  feet 
probably  reflect  better  than  average  conditions. 

As  discussed  In  IX. C. 2,  successful  spawning  and  recruitment  of  the 
American  shad  Is  largely  determined  by  the  relationship  of  the  for¬ 
mation  and  eventual  dissipation  of  the  pollution  block  to  the 
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Table 


Source:  Water  Quality  of  the  Delaware  River  Estuary  1967-1970, 
U.S.  Geological  Survey. 


temperature  and  flow  cues  for  juvenile  and  adult  migration.  The  adult 
shad  moving  upstream  In  the  early  spring  and  the  juveniles  moving  down¬ 
stream  In  the  late  fall  avoid  the  most  severe  period  of  the  pollution 
block.  Those  fish  that  do  attempt  passage  through  the  sag  during  low- 
flow  conditions,  however,  suffer  severe  losses.  Approximately  40  to 
80  percent  of  the  entire  shad  run  has  been  unable  to  penetrate  the 
pollution  black  and  migrate  upriver  (Massmann,  71).  Data  collected 
In  the  last  few  years,  though  Inconclusive  due  to  hlgh-flow  conditions, 
suggest  that  the  D.O.  sag  has  been  shorter  in  duration  and  of  lesser 
magnitude.  This  possibly  has  allowed  a  greater  percentage  of  shad  to 
pass  upstream.  A  marked  reduction  in  shad  usage  of  the  Brandywine 
River,  an  alternative  route  for  those  fish  blocked  below  Phila¬ 
delphia,  may  support  this  contention  but  the  reduction  could  also 
be  related  to  habitat  problems  on  the  Brandywine  itself. 

Especially  hard  hit  are  the  "spent"  adult  shad  attempting  to  return 
to  the  sea  in  late  July  and  August.  Consequently,  a  negligible 
amount  of  repeat  spawning  occurs  In  Delaware  waters.  In  addition, 
decreasing  temperatures  upstream  can  stimulate  juvenile  migration 
downstream  before  the  D.O.  sag  dissipates.  A  significant  year-class 
loss  results.  Figures  6-3  and  6-4  illustrate  the  magnitude  and  per¬ 
sistence  of  the  oxygen  sag.  Taking  the  5.0  mg/1  level  as  the  limit 
of  possible  sublethal  and  lethal  effects,  the  spawning  run  through 
the  Chester  region  was  effectively  terminated  In  late  April  and 
seaward  migration  was  prevented  until  early  December.  The  length  of 
any  specific  dissolved  oxygen  sag  In  1971  can  be  similarly  determined. 


Naturally,  the  actual  Impact  of  the  sag  on  fish  Is  directly  related 
to  the  real  levels  of  sublethallty  and  lethality  that  exist. 


Lack  of  conclusive  data,  especially  with  respect  to  juvenile  shad, 
hinders  establishment  of  these  precise  levels  and  the  assessment  of 
the  block's  effect  upon  the  Delaware's  shad  population. 

The  40  to  50  miles  stretch  of  badly  polluted  water  In  the  Philadelphia 
vicinity  not  only  limits  passage  of  the  shad,  but  It  curtails  the 
use  of  spawning  grounds  above  Philadelphia  by  striped  bass. 

Similarly,  oxygen  deficient  waters,  which  Intermittently  occur 
throughout  the  Delaware  basin,  eliminate  these  reaches  as  suitable 
habitat  for  resident  as  well  as  migratory  fish  species. 

The  river  fishes  migrating  through  or  resident  In  the  upper  basin  may 
be  confronted  with  a  different  type  of  problem.  Abrupt  and  severe 
water  temperature  fluctuations  can  destroy  most  or  all  of  the  estab¬ 
lished  populations.  Upon  release,  bottom  waters  from  upper  basin 
reservoirs  have  lowered  water  temperatures  10°  to  15°  F  below  ambient 
conditions  downstream.  The  problem  Is  compounded  when  low  stream  flows 
correspond  to  heat  waves  and  force  temperatures  to  soar  above  optimum 
ranges  for  many  of  the  resident  fish,  such  as  the  rainbow  trout 
and  smallmouth  bass.  Thus,  the  water  temperature  differential  that 
exists  between  the  river  and  cold  water  releases  Is  Inflated.  Large 
cold-water  discharges  may  affect  the  aquatic  environment  as  far  as  70 
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miles  downstream.  A  difference  of  25°  between  the  East  Branch  and 
the  West  Branch,  where  water  was  flowing  from  Cannonsville  dam,  has 
been  observed.  Thermal  shock  Impacts  vary  with  fish  species  as  well 
as  with  acclimation  temperatures  but  a  temperature  differential  of  this 
magnitude  can  be  fatal  to  fish  acclimated  to  the  natural  temperature 
regime.  The  general  instability  of  temperature  and  flow  In  the  upper 
basin,  especially  In  the  West  Branch  below  Cannonsville  Dam,  tends  to 
simplify  the  natural  ecosystem  of  these  waters  and  hinder  the  estab¬ 
lishment  of  a  productive  game  fishery  or  an  aquatic  environment  with 
an  adequate  Invertebrate  population  to  support  a  game  fishery. 

Associated  with  the  urban  and  Industrial  centers  which  characterize 
the  lower  reaches  of  the  river  is  the  Influx  of  industrial  wastes 
and  heavy  metals.  Occasional  loss  Into  the  river  of  hazardous 
materials  (l.e.,  halogenated  hydrocarbons  or  acid)  transported  by 
water  carriers  on  the  Delaware  River  system  and  the  loss  of  oil,  either 
during  transport,  unloading,  or  piping,  adds  to  the  toxic  load  of  the 
river.  Any  of  these  substances  in  highly  concentrated  quantities  are 
lethal  to  most  aquatic  organisms.  For  this  reason,  many  Industries 
discharging  Into  the  mainstream  or  tributaries  of  the  Delaware  River 
have  damaged  or  may  damage  fish  and  Invertebrate  populations. 

Table  6-11,  describing  all  major  fish  kills  In  the  Delaware  River  Basin, 
emphasizes  the  potential  and  real  danger  of  Industrial  wastes  to  the 
fish  resource.  Chemical,  metal,  and  food  Industrial  wastes  are  the 
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major  sources  of  contamination.  Sewage  and  power  plant  effluent 
have  caused  large  kills  as  well.  Only  kills  regarded  as  'heavy* 
by  the  fish  kill  summaries  are  Incorporated  In  Table  6-11.  Apparent¬ 
ly  the  definition  of  a  'heavy*  kill  is  based  upon  both  the  estimated 
number  of  fish  killed  and  the  estimated  proportion  of  game  fish 
effected. 

Sources  of  pollution  In  Table  6-11  were  only  Identified  when  the 
cause  was  direct*  Destruction  of  a  particular  food  source  which  may 
ultimately  limit  fish  populations,  disruptions  In  food  web  relation¬ 
ships,  or  cumulative  effects  of  toxins  are  not  considered  In  the 
determination  of  pollution-related  fish  kills.  Similarly,  secondary 
pollutlonal  effects,  such  as  flavor-or-odor-causing  loss  to  commercial 
fisheries,  are  not  assessed.  Thus,  while  the  fish  kill  Information 
supplied  In  Table  6-11  is  useful  in  locating  specific  point  sources 
requiring  effluent  control,  the  more  subtle  effects  of  Industrial  waste 
discharge  and  non-point  source  pollution  are  masked  by  a  lack  of  more 
detailed  measurement  and  analysis  techniques. 

Because  the  Delaware  Bay  acts  as  an  eventual  sink  for  those  heavy 
metals,  hazardous  materials,  and  Industrial  wastes  not  Incorporated 
Into  the  bottom  sediment  upstream,  shellfish  are  especially  suscepti¬ 
ble  to  these  wastes  due  to  their  ability  to  concentrate  suspended 
and  dissolved  materials  and  Incorporate  them  Into  their  body  tissue. 
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Table  6-11  Ma.ior  Fish  Kills  In  the  Delaware  Basin 
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Direct  evidence  of  contamination,  however,  exists  principally  with 
municipal  wastes.  Several  natural  seed  oyster  beds  north  of  Dunk's 
Point,  indicated  in  Figure  6-5,  have  been  condemned  because  bacterial 
coliform  levels  are  too  high.  These  beds  are  designated  as  seed  beds 
by  law  and  thus  would  not  be  open  to  the  production  of  market  oysters 
even  if  the  bacterial  coliform  level  was  acceptable. 

VI. A. 6(b)  Present  and  Potential  Productivity 

Fish  and  shellfish  productivity  parallels  the  existing  water  qtiallty 
conditions  of  the  Delaware  Basin  waters.  Three  areas,  reflecting 
different  levels  of  productivity  are  defined  and  characterized  below. 

The  region  above  Trenton,  inclusive  of  the  tributaries,  provides 
good  sport  fishing.  The  productivity  of  these  waters  generally  in¬ 
creases  upstream  with  a  substantial  Improvement  north  of  Easton.  The 
construction  and  operation  of  dams  lacking  fish  passage  facilities 
on  many  of  the  tributaries  has  precluded  the  passage  of  anadromous 
fish  species  and  effectively  reduced  the  amount  of  available  spawning 
habitat.  In  addition,  marked  temperature  differentials  in  the 
release  waters  of  the  New  York  State  dams  have  diminished  the  carrying 
capacity  of  the  upper  basin  waters. 

The  fishery  value  of  the  Trenton  to  Chesapeake-Delaware  Canal  reach  has 
been  virtually  lost  due  to  pollution.  Bulkheading,  dredging  and  filling 
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operations  have  also  algnlflcantly  contributed  to  the  decline  of  aquatic 
habitat,  especially  marsh/wetland  areas.  Thus,  the  upper  Delaware  River 
estuary  no  longer  supports  a  balanced  native  population  of  fish.  In  fact, 
Betz  Environmental  Company  (1975)  reports  a  loss  of  over  20  species  of 
fish  between  1921  and  1968.  Only  populations  of  those  few  species  with 
high  pollution  tolerance  (e.g.,  brown  bullhead)  have  not  been  adversely 
affected  In  this  region. 

The  aquatic  environment  south  of  the  Chesapeake-Delaware  Canal  to  the 
mouth  of  Delaware  Bay  Is  extremely  productive.  These  nutrient  rich 
waters  support  a  diverse  array  of  flnflsh  and  shellfish  industries  in¬ 
cluding  resident  and  visitant  fresh  water,  estuarine,  migratory,  and 
marine  species.  The  lower  estuary  and  bay  provide  especially  desirable 
nursery  and  spawning  conditions  for  many  marine  organisms.  Major 
commercial  Invertebrates  Include  the  oyster,  hard  clam,  blue  crab,  and 
lobster  (Figure  6-5).  The  oyster  Industry,  described  more  fully  below 
and  In  Chapter  IX. H.,  Is  thriving  once  again  following  a  disastrous 
period  of  MSX  Infection  In  the  late  1950 's  and  low  flow  conditions  In 
the  early  1960 's.  Hard  clam  populations  have  apparently  declined  In 
recent  years,  especially  In  New  Jersey  waters.  Harvest  of  the  blue  crab 
has  Increased  In  the  last  few  years,  particularly  in  the  upper  estuary 
near  Stow  Creek.  The  American  lobster  Is  harvested  near  the  mouth  of  the 
bay,  though  the  extent  and  trends  of  its  production  In  Delaware  Bay  have 
not  yet  been  determined.  If  any  factor  is  limiting  In  the  bay  at  present. 
It  Is  the  high  turbidity  associated  with  tidal  flux  and  river  flushing. 
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Quantifying  present  and  potential  productivity  of  most  Delaware  Basin 
species  in  the  forementloned  regions,  except  possibly  the  American 
shad  and  oysters.  Is  difficult.  Most  standing  crop  estimates  are  based 
on  catch  records  or  rotenone  samples.  The  basin  north  of  Easton  Is 
basically  under fished  and,  thus,  catch  records  are  not  really  Indicative 
of  present  and  potential  productivity.  Short-term  and  seasonal  movement 
by  fish,  natural  population  trends  and  cycles,  and  catastrophic  stress 
factors  (e.g.,  the  hurricane  Diane  flooding  In  1955  or  Industrial  waste- 
derived  fish  kills)  complicate  standing  crop  evaluation.  Thus,  a  des¬ 
cription  of  relative  productivity.  In  conjunction  with  water  quality 
conditions  and  projections.  Is  probably  the  key  to  an  understanding  of 
the  present  and  potential  productivity  of  the  Delaware  Basin.  For  more 
detailed  delineation  of  the  actual  species  diversity  and  pounds /acre 
or  man/day  figures,  the  Biological  Evaluation  of  the  Delaware  River 
Estuary  (Shuster,  1971),  Tri-State  Fishery  Study  (1962),  and  several 
Bureau  of  Sport  Fish  and  Wildlife  reports  (1971),  among  others,  should  be 
consulted. 

Shad  and  oyster  data  are  historically  more  complete  and  are  currently 
drawing  more  detailed  analyses.  As  mentioned  above  and  In  Chapter  IX. C. 2, 
the  shad  decline  Is  largely  attributable  to  malnstem  pollution  and  the 
destruction  of  spawning  grounds.  The  annual  commercial  catch  of  shad 
has  ranged  between  50,000  to  500,000  pounds  during  the  last  fifty  years 
after  dropping  from  approximately  19  million  pounds  to  500,000  pounds 
between  1896  and  1920. 
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In  the  river  itself,  which  supports  only  one  commercial  shad  fishery 
at  present,  a  population  of  approximately  100,000  shad  attempt  to  spawn 
each  year.  This  figure  Is  subject  to  large  cyclic  fluctuations,  however, 
as  illustrated  by  the  surprisingly  heavy  run  in  1963  (1,000,000  shad). 

It  is  conceivable  that  with  the  ultimate  removal  of  the  Phlladelphla- 
Camden  pollution  block  and  the  return  of  spawning  grounds  In  many  of  the 
major  tributaries  through  the  addition  of  passage  facilities  to  existing 
dams,  the  river  could  support  an  annual  shad  run  of  1,000,000  and 
possibly  1.7  million  during  a  particularly  heavy  run  (Delaware  River 
Anadromous  Fish  Project) .  Such  an  increase  would  enhance  the  commercial 
shad  fishery  significantly  in  both  the  bay  and  river. 

The  principal  factors  which  have  or  do  control  oyster  production  in 
Delaware  Bay  include  management  methods,  disease,  predation,  and  salinity. 
All  these  factors,  alone  or  in  concert,  have  influenced  permanent  and 
temporary  changes  in  harvest.  The  impact  of  predation  and  salinity,  and 
the  inter-relationship  between  these  two  variables,  will  be  reviewed 
thoroughly  in  Chapter  IX. H. 

Because  the  larva  (spat)  of  the  American  oyster  are  planktonic  for  approx¬ 
imately  two  weeks  in  the  summer,  the  location  of  their  eventual  setting 
on  a  hard,  firm  substrate  (culch)  is  strongly  influenced  by  the  currents 
and  bottom  topography.  Natural  oyster  beds  or  reefs  tend  to  be  self- 
sustaining  with  each  year-class  recruitment  growing  and  reproducing  on 


the  bed  and  eventually  adding  to  the  culch.  Unfortunately,  the 
hydrographic  conditions  which  nafce  these  areas  productive  natural 
oyster  seed  beds  produce  oysters  of  low  marketability  due  to  small 
size  and  relatively  poor  meat  quality.  The  comnon  practice  of  trans¬ 
planting  seed  oysters  from  the  natural  beds  to  leased  waters  in  the 
bay,  where  1  to  2  years  of  growth  produce  high  quality  oysters,  has 
successfully  eliminated  this  problem.  The  proximity  of  the  natural 
oyster  beds  and  leased  areas  in  New  Jersey  and  Delaware  is  illus¬ 
trated  in  Figure  6-5. 

Obviously,  success  of  future  harvests  is  highly  dependent  on  the 
natural  sets  and  culch  development  of  previous  oyster  populations. 
Consequently,  non-productive  seasons  are  perpetuated  and  recovery  is 
relatively  slow.  Lack  of  control  of  oyster  and  shell  removal  in  the 
late  1940*8  and  early  1950's,  after  the  switch  to  dredging  with  motor 
powered  boats,  led  to  a  marked  reduction  in  the  total  area  of  the 
natural  beds.  Restrictions  preventing  oystermen  from  removing  more 
than  15  percent  of  clean  shells  by  volume  (the  rough  cull  law)  and 
State  replacement  of  at  least  40  percent  of  the  shell  lost  each  year 
(either  through  direct  return  of  Delaware  Bay  shells  or  buying  addition 
al  shells  from  Chesapeake  Bay)  have  been  major  factors  accelerating  the 
oyster  Industry  comeback  in  recent  years. 

Compounding  the  oyster  decline  due  to  mismanagement,  the  MSX  (Multi- 
nucleate  Sphere  X)  invasion  in  the  late  1950 's  and  drought  conditions 
in  the  early  1960 's  reduced  the  oyster  harvest  in  Delaware  waters  to 
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under  100,000  bushels.  MSX,  a  protozoan  parasitic  oyster  disease,  first 
appeared  In  the  spring  of  1957  and  destroyed  approximately  50  percent  of 
the  seed  oysters  on  planted  grounds  In  New  Jersey  waters.  The  beds  In 
the  vicinity  of  Egg  Island  suffered  losses  as  high  as  85  percent.  Heavy 
damage  continued  through  1959,  declined  through  1963,  and  reappeared  In 
1964.  Though  the  epizootic  disease  did  Infect  the  upper  bay  beds,  damage 
was  far  less  severe  In  these  regions.  It  was  later  discovered  that  MSX 
could  not  persist  In  waters  with  salinity  greater  than  15  ppt.  Recent 
evidence  suggests  that  resistant  strains  of  oysters  have  developed  in  the 
bay.  At  the  New  Jersey  Research  Laboratory,  none  of  the  experimentally 
Imported  stocks  demonstrate  the  substantial  resistance  to  MSX  which 
characterizes  the  present  native  seed  stock  (e.g.,  60  percent  loss  of 
James  River  oysters  versus  negligible  damage  to  Delaware  oysters,  1964). 

Oyster  production  has  ranged  from  a  high  of  3,500,000  bushels  In  1929 
to  a  low  of  94,600  bushels  in  1966.  Last  spring,  however,  more  than 
450,000  bushels  of  seed  oysters  were  planted,  originating  from  the  upper 
bay  natural  seed  beds.  Expanding  sets  and  beds  are  evident  even  In  the 
southern  seed  beds  below  the  15  ppt  Isohallne.  An  ultimate  harvest 
rate  of  one  bushel  for  each  bushel  of  seed  oysters  planted  Is  generally 
attained  in  Delaware  Bay.  A  stabilized  1,000,000  bushel/year  harvest 
figure  probably  can  be  realized  In  the  Bay,  especially  with  Improved 
management  and  harvest  techniques  and  an  Increasing  resistance  to  MSX 
(the  average  production  level  was  935,000  bushels  between  1932-1956). 
Breeding  of  a  more  complete  stock  of  resistant  oysters,  more  efficient 
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control  of  predation,  and  raft-culturing  could  raise  this  figure  to  the 
1,500,000  bushel  level  Cannual  harvests  averaged  1,400,000  bushels 
between  1949  and  1956. 

The  overall  productivity  of  other  Delaware  Basin  fish  and  shellfish 
fisheries  will  Increase  similarly  following  the  re-establlshment  of 
habitat  defined  by  good  physical  characteristics.  In  the  upper  basin, 
more  balanced  and  consistent  releases  would  add  to  the  enhancement  of 
the  river's  fish  as  will  more  stringent  restrictions  on  Industrial 
wastes  throughout  the  basin.  With  pollution  abatement,  re-lntroduc- 
tlon  of  desirable  native  species  lost  In  the  upper  estuary  could  further 
elevate  the  productivity  of  these  waters.  In  fact,  there  are  several 
species  established  In  the  tidal  and  freshwater  tributaries  that  are 
absent  or  extremely  rate  In  the  mains tern  that  would  provide  Ideal  re¬ 
stocking  sources.  Seemingly,  the  momentum  of  man’s  adverse  Impact  upon 
the  basin's  resources  Is  reversing  such  that  the  Delaware  River  system 
may  again  command  the  excellent  and  unique  fish  and  shellfish  resource 
It  once  possessed. 


VLB.  OBJECTIVES  AND  STANDARDS 


A  necessary  first  step  In  water  quality  management  planning  Is  the  deter¬ 
mination  of  economically,  socially,  and  technologically  feasible  objec¬ 
tives  with  which  to  guide  the  planning  process.  The  next  step  Is  the 
determination  of  specific  water  quality  standards  designed  to  achieve 
these  objectives.  Existence  of  standards,  however.  Is  not  enough 
to  Insure  that  water  quality  goals  and  objectives  are  met.  The  last 
step,  then.  Is  the  development  of  specific  programs,  the  success 
of  which  Is  a  direct  reflection  on  the  feasibility  of  the  chosen  ob¬ 
jectives.  In  this  section,  the  objectives,  standards,  and  programs 
mandated  by  the  DRBC  and  Public  Law  92-500  will  be  examined. 

VI.B.l.  DRBC  OBJECTIVES  AND  STANDARDS 

The  objectives  and  standards  of  the  DRBC  with  regard  to  water  quality 
management  are  listed  In  the  Water  Code  of  the  Basin  (Comprehensive 
Plan).  These  objectives  and  standards  will  be  evaluated  In  order  to 
delineate  the  differences  between  the  existing  regulations  of  the  DRBC 
Comprehensive  Plan  and  what  will  become  law  when  all  the  provisions  of 
Public  Law  92-500  become  operational. 

The  overall  objective  of  the  DRBC  Is  to  maintain  and  ehance  the  quality 
of  Delaware  River  Basin  waters  In  a  condition  satisfactory  for  beneficial 
uses.  The  specific  beneficial  uses  that  have  been  Identified  are  as 
follows:  (1)  agricultural.  Industrial,  and  public  water  supplies  after 
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reasonable  treatment;  C2)  fish,  wildlife  and  other  aquatic  life; 

(3)  recreation:  (4)  navigation;  C5)  controlled  and  regulated  waste 
assimilation  to  the  extent  that  such  use  Is  compatible  with  other 
uses;  and  (6)  other  such  uses  as  may  be  provided  by  the  Comprehensive 
Plan. 

With  regard  to  high  quality  Interstate  waters,  the  DRBC  has  developed 
the  non-degradatlon  objective.  According  to  this  objective,  water  quality 
which  Is  higher  than  that  established  by  stream  quality  objectives  will  be 
maintained  in  the  higher  quality  state  unless  the  Commission  can  be  shown 
that  economic  or  social  developments  or  the  Improvement  of  another  water 
body  have  greater  precedence.  Furthermore,  the  quality  of  tributary 
streams  must  be  maintained  at  a  level  at  least  equal  to  the  receiving 
water  above  the  confluence  with  the  tributary. 

The  DRBC  standards  consist  of  the  specific  water  uses  of  all  waters, 
numerical  water  quality  criteria  designed  to  protect  the  Identified 
beneficial  uses,  and  general  waste  discharge  requirements.  As  mentioned 
in  VI. A. 1(b) »  this  information  Is  listed  in  Appendix  (1),  water 
uses  for  each  stream  In  the  Delaware  Basin  are  identified  In  the  Water 
Code.  The  specific  values  of  the  water  quality  parameters  which  must  be 
complied  with  for  protection  of  water  uses  with  an  adequate  margin  of 
safety  are  also  listed  In  the  Water  Code. 

General  waste  discharge  requirements  limit  substances  In  municipal. 
Industrial,  and  other  discharges  to  those  types  and  levels  that  will 
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not  preclude  attainment  of  specific  water  uses.  In  accordance  with 
the  above,  concentrations  of  toxic  substances  shall  not  exceed  values 
above  levels  recommended  for  rejection  by  the  United  States  Public 
Health  Service.  Furthenaore,  the  waters  shall  be  substantially  free 
of  unsi^tly  or  malodorous  floating  solids,  sludge  deposits,  debris.,, 
oil,  scum  and  substances  In  concentrations  or  combinations  which  are 
toxic  or  harmful  to  human,  animal,  plant,  or  aquatic  life,  or  that 
produce  color,  taste,  odor  of  the  water,  or  taint  fish  or  shellfish 
flesh. 

Other  Important  waste  discharge  standards  are  directed  at  minimum 
treatment  levels,  provision  of  disinfection,  allocation  of  capacity, 
and  combined  sewers.  According  to  the  DRBC,  all  wastes  must  receive 
a  minimum  of  secondary  treatment,  regardless  of  receiving  water  stan¬ 
dards.  In  addition,  all  wastes  containing  human  excreta  or  path¬ 
ogenic  organisms  must  be  effectively  disinfected  before  discharge. 

Whenever  secondary  treatment  Is  Inadequate  to  meet  water  quality  ob¬ 
jectives,  greater  treatment  efficiency  can  be  mandated  by  the  DRBC 
through  equitable  apportionment  of  assimilative  capacity.  It  Is  In 
this  situation  that  the  water  quality  models  discussed  In  VI. A. 2 
prove  valuable.  Through  the  use  of  the  models,  the  DRBC  can  determine 
the  allowable  criteria. 
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VI. B. 2  DRBC  PROGRAMS 


Specific  programs  have  been  developed  by  the  DRBC  to  meet  their  water 
quality  objectives  and  standards.  The  nature  and  timetable  of  these 
programs,  to  a  large  extent,  have  been  determined  by  existing  insti¬ 
tutional  arrangements  and  special  problems  characteristic  of  the 
Delaware  River  Basin.  The  system  designed  for  the  city  of  Philadelphia 
is  an  example  of  a  regional  program.  The  sewage  treatment  system  de¬ 
veloped  (Resolution  73-5)  for  the  area  encompassing  the  Tocks  Island 
Lake  Project  and  the  Delaware  Water  Gap  National  Recreation  Area  is  an 
example  of  an  areawide  plan  involving  three  states  and  six  counties. 
Salinity  control,  acid  mine  drainage  control,  and  spill  detection  and 
abatement  are  examples  of  special  programs. 


VI. B. 3  APPLICATION  OF  PUBLIC  LAW  92-500 

Public  law  92-500,  the  Federal  Water  Pollution  Control  Act  ammendments 
of  1972,  establishes  a  phased  system  of  objectives,  standards,  and  programs 
which  become  increasingly  more  stringent  as  the  law's  ultimate  goal  is 
reached.  This  section  will  examine  the  future  goals  of  PL-500.  The 
specific  objectives  of  the  Act  are  sumBarlsed  below. 

1.  To  eliminate  the  discharge  of  pollutants  to  navigable  waters 
by  1985; 
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2.  To  provide  water  quality  tdileh  protects  and  fosters  propagation 
of  fish,  shellfish  and  wildlife  and  allows  recreation  In  and  on 


the  water  by  1983; 

3.  To  prohibit  discharge  of  toxic  pollutants  in  toxic  amounts; 

4.  To  provldi^  financial  assistance  to  construct  publicly  owned 
treat-ment  systems; 

5:  To  develop  and  Implement  area-wide  waste  treatment  management 
plans;  and 

6.  Tc  develop  technology  necessary  to  carry  out  these  goals. 

A  comparison  of  the  present  and  future  objectives  of  PL  92-500  reveals 
significant  d  fferences  by  1985.  Whereas  the  present  law  allows  usage 
of  the  stream's  assimilative  capacity  for  further  waste  treatment,  the 
ultimate  goal  of  the  law  sets  forth  a  final  date  (1985)  for  an  end  to 
all  pollution.  However,  It  appears  unlikely  that  this  goal  will  be 
reached  by  1985  because  of  the  inability  of  present  day  technology 
to  economically  treat  wastewaters  to  zero  pollutant  discharge  levels. 

At  the  present  time,  the  law  mandates  the  states  to  Identify  water 
uses  of  streams,  lakes,  estuaries,  bays  and  groundwater  and  to  develop 
water  quality  objectives  to  protect  these  water  uses.  In  the  future, 
the  concept  of  beneficial  use  protection  through  the  application  of 
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stream  quality  criteria  will  be  supplanted  by  certain  treatment  standards. 


With  regard  to  industrial  point  dischargers,  the  best  practicable  control 
technology  currently  available,  as  defined  by  the  EPA  Administrator,  must 
be  in  operation  by  July  1,  1977.  By  July  1.  1983,  such  point  source 
dischargers  must  provide  the  best  available  technology  economically 
achievable.  For  municipal  treatment  facilities,  secondary  treatment  must 
be  provided  by  July  1,  1977  and  the  best  practicable  waste  treatment  tech¬ 
nology  should  be  in  operation  by  July  1,  1983.  As  a  qualification  to 
the  firmness  of  the  deadlines,  the  EPA  Administrator  may  modify  the  1983 
requirements  if  the  discharger  is  treating  his  wastes  to  the  fullest  ex¬ 
tent  that  his  economic  resources  will  allow  and  is  progressing  toward  the 
goal  of  zero  pollutant  discharge. 

VI. B. 3(c)  The  States 

Each  state's  role  in  water  quality  management  planning  will  be  strength¬ 
ened  through  the  application  of  PL  92-500.  The  requirements  of  PL  92-500 
require  that  each  state  develop  its  own  schedule  for  planning  and  program 
implementation  to  conform  to  the  1977  and  1983  deadlines  (unless  these 
date  ^  are  changed) .  Each  state  will  need  to  develop  a  priority  list  of 
proj  icts  which  are  consistent  with  both  the  water  quality  oojectlves  to 
be  attained  and  the  availability  of  federal  and  state  grants.  In  order 
to  do  this,  development  of  area-wide  waste  treatment  plans  under 
Section  208  and  basin  waste  treatment  plans  under  Section  303  by  the  indi¬ 
vidual  states  will  be  mandated. 
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VI. B. 4  ENGINEERING  COHSIDBRAIIOMS 


Th*  engineering  aspects  of  both  the  standards  and  programs  of  the  DRBC 
and  those  of  PL  92-500  offer  interesting  Insights  into  the  progress  and 
efficiency  of  waste  treatment  technology.  In  this  regard,  the  engineer¬ 
ing  Implications  of  secondary  treatment,  land  disposal,  chlorination, 
urban  runoff,  engery  resources  and  of  the  higher  levels  of  treatsMnt 
mandated  by  PL  92-500  will  be  discussed. 

As  mentioned  initially  In  VI.B.l,  the  DRBC  Standards  provide  for  pro¬ 
vision  of  secondary  treatment  and  chlorination  In  all  cases,  prohibi¬ 
tion  of  coniblned  sewers,  and  non-point  source  control.  Considerable 
Ingenuity  will  be  needed  In  order  to  satisfy  these  treatment  goals. 

The  secondary  treatment  requirement  Indicates  that,  at  a  minimum, 
biological  treatment  (an  activated  sludge  plant  or  a  good  trickling 
flit  !r)  or  its  equivalent  will  be  needed.  In  order  to  achieve  this 
standard,  larger,  more  efflcien*  waste  treatment  plants  will  be  con¬ 
structed.  Smaller  plants,  in  which  s  ipervlslon  of  operation  is  either 
non-contlnuous  or  not  at  a  sufficient  level  of  competence,  often  have 
dlff  culty  achieving  the  desired  biological  treatment  level.  Oper- 
atlo.ially,  the  trickling  filter  will  create  fewer  problems  th«i  acti¬ 
vated  sludge,  although  at  a  loss  in  treatment  efficiency. 

The  question  of  disinfection  of  wastewater  has  of  late  been  receiv  ng 
renewed  scrutiny,  particularly  when  the  receiving  water  constitutes 
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a  source  >>£  municipal  water  supply.  It  was  originally  thougjit  chat  Che 
ucilizatiun  of  chlorine  was  sufficient  in  meeting  the  level  of  bacterial 
kill  believed  necessary  and  was  not  otherwise  harmful.  Recently,  there 
has  been  the  suggestion  that  there  are  compounds  present  in  wastewater 
which  react  with  the  chlorine  to  become  potentially  harmful  to  people 
upon  ingestion.  Also,  residual  chlor..ne  in  discharged  wastewater  Is 
toxic  to  fish.  It  Is,  therefore,  conceivable  that.  In  Che  near  future, 
chlorine  will  not  be  permitted  to  be  used  for  the  disinfection  of  wastes 
entering  the  Delaware  basin.  If  this  occurs,  an  alternative  disin¬ 
fectant  will  have  to  be  found. 

An  additional  concern  about  maintenance  of  high  levels  of  treatment 
efficiency  occurs  when  a  sewer  system  tributary  combines  stormflow 
with  municipal  waste.  The  sudden  flow  increase  may  tax  the  capabil¬ 
ity  of  the  treatment  system,  and  under  DRBC  rules,  such  Increased 
flows  will  not  be  permitted  if  they  reduce  the  acceptable  level  of 
treatment  efficiency.  Possible  solutions  to  this  problem  are  flow 
retention  basins  or  repairing  leaking  sewers. 

Another  problem  area  Is  created  by  Che  DRBC  requirement  that,  during 
dry  weather,  the  settleable  solids  In  the  effluent  be  negligible.  This 
will  require  effective  and  consistent  operation  of  the  sedimentation 
units  that  follow  the  biological  treatment  units.  This  additional 
condition  Is  not  often  achieved  In  conventional  secondary  treatment 
plants.  Industrial  wastes,  which  constitute  a  potential  overload 
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or  treatment  problem  to  the  treatment  facilities  will  require  flow 
equalization  or  pretreatment  in  order  to  minimize  their  impact. 

Non-point  sources  of  wastes  in  the  basin  are  related  primarily  to 
agricultural  activities  and  urban  stormwater  runoff.  In  the  case  of 
agriculture,  it  is  rarely  economically  feasible  to  discharge  farm  waste 
into  community  sewer  systems  for  treatment.  In  order  to  meet  the  goal 
of  no  pollutant  discharge,  these  wastes  must  be  excluded  from  basin 
waterways.  Land  disposal  is  an  example  of  a  potential  disposal  method. 
Very  few  adequate  facilities  exist  for  urban  stormwater  runoff.  Pos¬ 
sible  abatement  measures  include  source  controls,  sewer  separation, 
periodic  flushing  of  the  system,  collection  system  controls,  in-line 
storage,  off-line  storage,  and  removal,  separation  and  change  in  the 
state  of  waste  stream  contaminants. 

VI. B. 5  FINANCIAL  IMPLICATIONS 

The  financial  implications  of  the  DRBC  standards  are  that  all  commu¬ 
nities  in  the  Delaware  River  Basin  will  have  to  finance  the  construction 
of  plants  required  to  conform  to  the  85  percent  BOD  removal  requirement 
and  efficient  removal  of  settleable  solids  and  turbidity.  It  is  antici¬ 
pated,  of  course,  that  federal  funding  will  be  available  at  present 
levels  (l.e.,  75  percent  of  eligible  costs,  supplemented  by  what  state 
funds  may  be  available).  In  this  way,  the  programs  of  the  DRBC  and 


PL  92—500  are  Inseparable,  as  the  federal  govemaent  will  pay  for  a 
substantial  share  of  the  construction  costs.  The  availability  of  sub¬ 
stantial  grants  usually  reduces  the  tendency  of  local  political  consti¬ 
tuencies  to  oppose  federal  directives;  in  this  case,  however,  the  fact 
that  operating  costs  engendered  by  the  new  technologies  must  be  borne  by 
local  entitles*  may  produce  concern.  In  addition.  It  is  conceivable 
that  In  this  time  of  rising  energy  costs,  projects  already  formulated 
will  have  to  establish  their  energy  effectiveness  as  an  element  of  justi¬ 
fication  for  construction. 

All  Industries  which  will  connect  to  sewers  will  be  required  by  EPA 
regulations  to  pay  allocated  costs  for  construction  and  operation,  as 
well  as  those  costs  associated  with  pretreatment,  when  necessary. 
Industries  which  dispose  of  their  wastes  separately  from  public 
facilities  will  not  have  the  benefit  of  the  financing  options  of  these 
communities  or  their  better  borrowing  rates. 

While  the  costs  of  construction  of  point-source  facilities  to  meet  the 
1977  and  1983  objectives  appear  to  be  eligible  for  grants,  there  is 
considerable  uncertainty  as  to  whether  the  costs  of  controlling  non- 
point  sources  are  eligible  and.  If  they  are,  what  the  priority  for  such 
control  might  be.  The  answer  to  these  questions  will  be  based  upon 
administrative  edicts  of  the  EPA.  The  area  most  affected  will  be  the 
upstream  rural  ana  agricultural  portions  of  the  basin  In  which  the 
majority  of  the  non-point  sources  are  located. 


*Except  in  New  York  State  where  grants  offset  a  portion  of  the  operating 
costs  available. 
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VI.C.  EFFECTS  OF  WATER  QUALITY  REQUIREMENTS  UPON  THE  UPPER  BASIN 

In  this  section,  the  effects  of  present  and  future  water  quality  re¬ 
quirements  on  the  Delaware  River  above  Port  Jervis  without  the  locks 
Island  Dam  will  be  examined. 

VI.C.l  EXISTING 


As  discussed  In  VI. A. 1(b),  the  present  water  quality  of  the  East  and 
West  Branches  of  the  Delaware  River  and  its  mainstream  from  Hancock 
to  Port  Jervis  Is  generally  excellent.  However,  the  thermal  regime  of 
waters  below  the  major  water  supply  cams  Indicates  that  abnormally  high 
temperatures  can  develop  due  to  the  tall  outflows  allowed.  The  ob¬ 
jectives  and  standards  which  guide  the  development  of  water  quality 
programs  in  the  area  include  those  of  the  DRBC,  the  Department  of 
Environmental  Conservation  (DEC)  of  New  York  and  the  Department  of 
Environmental  Resources  (DER)  of  the  Comnonwealth  of  Pennsylvania. 

DRBC  objectives  of  standards  have  have  been  discussed  previously  In 
VI.B.l.  The  objectives  and  standards  of  the  DER  and  the  DEC  for  the 
Delaware  River  essi  ntially  reflect  those  of  the  DRBC.  It  should  be 
noted  again  that  In  these  multi- jurisdictional  areas,  the  more 
stringent  standard  applies. 
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As  evidenced  by  the  general  high  quality  of  area  waters,  pollution 
loads  have  had  little  overall  effect,  although  In  selected  areas  under 
low-flow  summer  conditions,  D.O.  sags  and  fish  kills  have  occurred. 

The  limited  effect  Is  primarily  due  to  the  low  density  of  urbanization 
and  Industrialization.  Point  sources  (both  municipal  and  Industrial) 
discharge  both  oxygen  demanding  waste  and  nutrients  to  the  Delaware  In 
this  region.  The  magnitude  and  distribution  of  point  and  non-point 
source  pollution  is  further  defined  in  Chapter  IX. A.  (Eutrophication). 


VI. C. 2  FUTURE 


The  future  water  quality  requirements  for  the  upper  basin  have  been 
essentially  set  forth  in  VI. B. 3,  where  it  was  shown  that  PL  92-500, 
because  of  Its  stricter  mandates  , will  guide  water  quality  management. 

The  following  sections  will  examine  the  effects  of  planned  or  deferr>!d 
impli  mentation  of  PL  92-500  upon  the  upper  basin. 

As  the  DRBC,  the  DEC  and  the  DER  all  require  secondary  treatment 
(85  percent  BOD  removal) ,  the  1977  secondary  treatment  requirements  for 
municipal  wastes  and  best  practicable  treatment  currently  available  for 
Industrial  wastes  will  have  little  i npact  on  water  quality. 

Application  of  secondary  treatment  would  eliminate  some  specific  upper 
basin  probl  ms.  For  instance,  the  D.O.  sag  which  occurs  during  low-flow 
summer  periods  on  the  West  Branch  below  the  sewage  effluent  outfalls  of 
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the  Village  of  Walton  and  Stamford  would  be  reduced  in  order  to  meet 
water  quality  objectives  for  the  West  Branch  of  the  Delaware.  It  would 
also  reduce  fish  kills  near  Walton  th  ough  the  control  of  local  food- 
industry  wastes.  A  slight  reduction  xn  nutrient  loads  would  occur  too. 
According  to  work  done  by  Hydroscience,  non-point  sources  contribute 
the  greatest  amounts  of  nutrients  to  this  reach.  Therefore,  very  little 
change  In  the  eutrophlc  condition  of  Cannonsville  Reservoir  would  be 
expected.  If  New  York  City  maintains  its  present  schedule  of  cold 
water  releases,  severe  temperature  fluctuations  will  continue  to  occur. 
Although  the  impact  of  PL  92-500  on  these  thermal  discharges  Is  some¬ 
what  unclear,  it  is  apparent  that  such  conditions  could  be  ameliorated 
by  a  cooperative  agreement  between  New  York  State,  New  York  City, 
the  DRBC  and  the  Delaware  River  Master.  As  discussed  in  VI. A. 1(b).  it's 
doubtful  such  an  agreement  will  be  reached  until  the  eutrophic  con¬ 
ditions  in  Cannonsville  Reservoir  are  reduced. 

Implementation  of  the  1983  requirements  would  require  all  treatment 
plants  to  be  further  upgraded  from  secondary  treatment  to  best  practi¬ 
cable  treatment.  However,  best  practicable  treatment  has  not  been 
defined  as  yot.  It  is  safe  to  say  though,  that  these  treatment  require¬ 
ments  would  further  decrease  the  input  f  BOD  and  nutr  ents  into  upper 
basin  waters  from  point  sources.  Only  light  water  quality  changes 
would  be  expected  above  1977  levels. 


Compliance  with  the  1985  goal  of  eliminating  polLutari  discharge  to 
navigable  waters  would  result  in  further  reduction  in  nutrient  input 
and  some  specific  quality  changes.  For  example,  the  eutrophic  condition 
of  Cannonsville  Reservoir  prob  ibly  would  decrease  as  the  nutrient 
supply  of  point  and  non-point  sources  reached  background  levels.  Al- 
thot  ch  this  process  might  take  many  years  due  to  the  recycling  of 
nut;  ents  between  sediments  .nd  overlying  water,  the  frequency  and 
raagn^^tude  of  blooms  would  be  expected  to  decrease. 

Deferred  implementation  of  PL  92-500  would  result  in  a  temporal  dis¬ 
placement  of  water  quality  improvements  From  a  technological  view¬ 
point,  a  deferral  might  allow  a  significant  breakthrough  to  substan¬ 
tially  reduce  the  costs  of  best  practicable  and  complete  treatment. 
Financially,  the  changing  demands  of  our  society  might  either  Increase 
or  decrease  the  funds  earmarked  for  pollution  control  programs. 

VI. C. 3  EFFECTS  UPON  FISH  AND  WILDLIFE 


In  general,  water  pollution  control  standards  to  be  imposed  by  PL  92  -500 
are  advantageous  to  fish  and  shellfish  populations  throughout  the  Dela¬ 
ware  River  system.  The  aquatic  environment  of  the  upper  basin  will  not 
be  significantly  altered  by  the  implementation  of  these  provisions,  how¬ 
ever,  as  it  is  characterized  by  excellent  water  quality  already,  wild- 
li 'e  is  also  not  expected  to  be  altered  significantly. 
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Point-source  control  will  eliminate  any  low  dissolved  oxygen  areas 
while  slightly  reducing  the  Influx  of  nutrients  to  these  waters. 
Although  fish  productivity  is  related  to  nutrient  addition  (i.e., 
plankton  and  rooted  aquatic  vegetable  growth) ,  the  control  of  point- 
source  discharge  in  the  upper  basin  will  not  decrease  the  productivity 
of  these  waters. 

More  significant  nutrient  loading  is  contributed  by  non-point  sources. 
Ultimate  control  of  these  sources,  if  possible  at  all,  might  lead  to 
a  lowered  carrying  capacity  of  upper  basin  waters.  It  is  conceivable, 
however,  that  the  natural  background  nutrient  content  leached  from 
upper  basin  soils  is  enough  to  maintain  present  aquatic  fish  and 
invertebrate  populations  even  with  non-point  source  control.  In  fact, 
the  effect  of  nutrient  influx  from  non-point  sources  is  considerably 
buffered  already  by  nutrient  trapping  and  eventual  nutrient  burial 
in  the  New  York  reservoirs. 
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VI.D.  EFFECTS  OF  WATER  QUALITY  REQUIREMENTS  UPON  THE  CONTIGUOUS  AREA 


In  this  section  the  effects  of  present  and  future  water  quality 
requirements  on  the  Delaware  River  between  Port  Jervis  and  East 
Stroudsburg  will  be  examined. 

VI.D.l  EXISTING  WATER  QUALITY  REQUIREMENTS 

As  shown  In  VI. A. 2(b),  the  water  quality  of  the  Delaware  River 
between  Tocks  Island  and  Port  Jervis  Is  generally  excellent.  A 
comparison  of  monthly  water  quality  measurements  with  existing  water 
quality  objectives  Indicates  that  these  are  being  met.  The  other  water 
quality  requirements  for  the  area  Include  secondary  treatment  for  all 
municipal  waste  treatment  plants.  According  to  the  Tocks  Island 
Regional  Environmental  Study  (Roy  F.  Weston,  1970),  there  are  28 
existing  sewage  treatment  facilities  In  the  Tocks  Island  area.  The 
four  major  municipalities  served  are  East  Stroudsburg,  Stroudsburg, 
Newton  and  Port  Jervis.  As  of  1970  they  had  a  total  treatment  capacity 
of  7.7  mgd.  The  balance  of  the  treatment  facilities  serve  "resorts, 
camps,  clubs  and  schools."  These  plants  are  smaller  than  municipal 
plants,  usually  having  capacities  of  less  than  100,000  GPD,  which, 

"In  most  cases,  are  not  providing  adequate  treatment."  (Weston,  1970). 
However,  It's  apparent  that  the  assimilative  capacity  of  the  Delaware 
River  Is  able  to  overcome  these  Insufficiently  treated  wastes. 
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VI .D. 2  FUTURE  WATER  QUALITY  REQUIREMENTS 


The  future  water  quality  requlreoents  for  the  contiguous  area  will 
depend  on  future  population  growth  caused  by  full  use  of  the  Delaware 
Water  Gap  National  Recreation  Area  (DWGNRA) .  Enlargement  of  sewage 
treatment  facilities  will  be  considered  and  the  consequent  effect 
on  water  quality  will  be  discussed. 

VI. D. 2(a)  DWGNRA  Without  Tocks  Island 

The  following  assumptions  have  been  applied  in  order  that  a  regional 
sewage  treatment  plan  in  the  contiguous  area  with  the  DWGNRA  and  a 
free  flowing  river  can  be  evaluated. 

The  DWGNRA  with  a  free  flowing  river  could  attract  from  2,000,000 
visitors  a  year  to  4,000,000  visitors  a  year,  depending  on  its  facility 
mix  and  visitor  control  methods. 

The  Recreation  Area  is  expected  to  provide  two  months  of  low  off-season 
(Decenber  through  January)  visitation,  four  months  of  average  off-season 
(February  through  March,  October  through  November)  visitation,  and  six 
months  of  peak  season  (April  through  September)  visitation.  The  major¬ 
ity  (about  70Z)  of  the  population  will  visit  the  DWGNRA  on  weekends. 


VI-69 


The  overnl^t  facilities  will  attract  rou^ly  5Z  of  the  visitors  dur¬ 
ing  the  weekends  of  the  viable  ten  nonth  season  (excluding  two  months  of 
low  off-season  visitation). 

Day  use  visitors  will  utilize  a  maximum  of  30  gallons /person/day  and  day- 
nl^t  use  visitors  a  maximum  of  50  gallons/person/day. 

THE  DH6NRA  without  TILP  will  consist  of  dispersed  recreational  areas, 
each  area  offering  a  point  of  attraction. 

The  Delaware  Water  Gap  National  Recreation  Area  is  expected  to  have  a 
minimum  yearly  visitation  of  2,000,000  visitors.  During  peak  weekend 
days,  20,417  visitors  (Table  6-12)  are  expected  to  pass  through  the 
recreation  area.  Since  the  park  Is  not  primarily  water  oriented,  the 
park  visitors  are  expected  to  orient  toward  hiking,  canoeing,  sight¬ 
seeing,  camping,  etc.,  all  of  which  will  decentralize  visitation.  The 
dispersion  of  visitors  among  the  many  recreation  areas  (Chapter  XVIII) 
is,  therefore,  expected  to  be  widespread. 

Overnight  users  are  expected  to  reach  a  maximum  population  of  1,021 
campers  per  peak  weekend  day,  at  the  annual  2,000,000  visitation  level. 
These  pack  users  will  be  concentrated  In  the  planned  camping  areas,  all 
of  which  are  expected  to  contain  the  proper  sanitary  facilities.  Camp¬ 
ing  areas  can  be  located  at  the  discretion  of  the  NFS  to  facilitate  easy 
sanitary  disposal.  This  may  mean  locating  camping  facilities  within 
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Free-Flowing  River)  Sewerage  Eatlaates 


the  proximity  of  established  treatment  facilities. 

Based  on  maximum  usage  of  thirty  gallons  per  day  per  visitor,  peak 
day  visitor  loads  will  result  In  dally  sewerage  of  612,510  gallons 
(Table  6-12) .  Peak  season  campers  are  expected  to  contribute  an 
additional  20  gallons/person/day  yielding  an  additional  20,420  6PD. 

The  day-night  recreational  sewerage  volume  for  the  peak  season 
(2,000,000  annual  visitation  leve  s)  Is  expected  to  be  632,930  GPD. 

The  maximum  of  4,000,000  visitors  per  year  will  double  daily  peak 
season  visitation  to  40,833  on  weekend  days.  As  can  be  seen  from 
Table  6-12,  total  sewerage  levels  will  have  a  maximum  value  of 
1,265,830  (1.27  MOD).  Off-season  loads  may  reach  678,130  GPD. 

The  TIRES  study  estimated  the  peak  seasonal  TIRES  area  population 
(including  parts  of  Pike  and  Monroe  Counties  In  Pennsylvania, 

Sussex  and  Warren  Counties  in  New  Jersey,  and  Orange  County  in  Mew 
York)  at  248,900  in  1970  and  projected  a  peak  seasonal  population  level 
of  429,300  for  1980,  as  noted  in  the  following  table: 
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Table  6-13  TIRES  Peak  Seasdnal  Population  Projections 


TIRES  POPULATION  TIRES  POPULATION  PROJECTION* 


WITHIN  COUNTY 

1970 

1980 

1990 

Pike 

32,300 

56,400 

95,300 

Monroe 

95,100 

159,800 

254,400 

Orange 

25,300 

34,000 

41.400 

Sussex 

93,100 

149,000 

221,800 

Warren 

13.100 

30,100 

51.500 

Total 

248,900 

i  29,300 

664,400 

*The  population  pro  actions  do  not  Include  DWGNRA  populations. 

On  the  basis  of  the  above,  Weston  and  Associates  then  applied  a  multi¬ 
plier  of  100  gallons  per  day  to  the  population  figures  to  achieve 
a  figure  of  "Peak  Season  Average  Dally  Wastewater  Flow  Projections". 

Tl  !  5-county  1970  projection  Is  24.8  MGD,  which  Is  expected  to  Increase 
to  43.1  MGD  In  1980  and  finally  reach  66.6  MGD  In  1990  (differences 
between  flow  projections  and  population  projections  are  due  to 
roundings  In  calculations! 


More  recent  estimates  for  the  TIRES  study  area  are  not  available,  'iow- 
ever,  total  county  resident  populations  (1970  census)  are  somewhat  lower 
than  TIRES  resident  projections  within  the  TIRES  area.  Utilizing  the 


soaevrhat  higher  TIRES  peak  seasonal  population  figures  and  the 
recreational  wastewater  volumes  provided  In  Table  6-12  for  2,000,000 
and  4,000,000  visitors.  It  can  be  seen  In  the  following  table  that  the 
recreational  sewerage  loads  represent  a  small  percentage  of  the  overall 
sewerage  loads. 


6-14  DWGNRA  Recreation 

Sewerage  Loads  for  Six 

Month  Peak  Season* 

DWGNRA 'S  X  of 

Overall  Load 

TIRES  Estimates  of 

2,000,000 

4,000,000 

Overall  Sewerage  Loads 

Yearly  Visitors 

Yearly  Visitors 

1970  -  24.8  MGD 

2.6% 

5.1% 

1980  -  43.1  MGD 

1.5% 

2.9% 

1990  -  66.6  MGD 

1.0% 

i.9% 

*From  Table  6-12 

Considering  the  phasing  of  the  park,  the  2,000,000  visitor  level  should 
not  be  reac  led  until  1980.  At  that  time,  the  peak  season  will  contribute 
pproxlT lately  1.5  %  of  the  projected  sewerage  load.  Properly  phased,  the 
peak  yearly  assumption  of  4,000,000  visitors  would  most  likely  be  reached 
In  1985  to  1990.  At  that  time,  the  increasing  population,  which  would 
be  greater  than  the  additional  recreation  population  load,  will  have 
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orlentad  growth  toward  recreational  support.  Maximum  visitation  would 
add  1.9Z  to  the  1990  sewerage  loads. 


As  the  previous  analysis  Indicates,  the  activities  of  visitors  using 
the  facilities  of  DWGNRA  will  not  contribute  slgnlfcantly  to  the  amount 
of  sewage  effluent  entering  the  free-flowing  river  or  Its  tributaries. 
Accordingly,  the  major  effects  on  water  quality  will  stem  from  the 
mandates  of  PL  92-500  and  Increased  growth.  If  the  goals  and  require¬ 
ments  of  PL  92-500  are  met  as  scheduled,  there  should  be  no  water 
quality  degradation  due  to  Increased  sewage  discharge.  In  fact,  water 
quality  should  Improve  as  pollutant  discharges  are  eliminated.  Although 
no  pollutant  discharge  Is  not  feasible  In  all  areas.  It  appears  that  the 
availability  of  sufficient  land  for  disposal  of  chlorinated  secondary 
effluent  (Kardos  and  Sapper,  1973),  makes  no  pollutant  discharge  parti¬ 
cularly  feasible  In  this  area. 

In  no  case  should  water  quality  objectives  be  exceeded  as  existing 
regulations  are  sufficient  to  force  treatment  plants  to  upgrade  In 
order  to  reduce  pollutant  discharge  to  such  water  quality  limited 
segments. 

Existing  treatment  plants  are  presently  capable  of  incorporating  the  in¬ 
creased  recreational  sewerage  load  into  the  current  daily  flows. 

East  Stroudsburg  and  Newton  plants  are  the  only  plants  slightly  ex¬ 
ceeding  design  capacities  (table  22-131). 
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The  seasonality  of  the  recreational  visitors  will  not  allow  the 
establlshnent  of  lar^e  treatnent  facilities  for  recreational  scweraRe 
alone  due  to  the  biological  process.  However,  small  (100,000  GPD) 
plants  operating  on  the  chonlcal  treatnent  process  and  portable  units 
will  be  maintained  by  the  NFS  to  handle  the  recreational  population 
away  from  a  township.  This  approach  Is  strengthened  considering  the 
likely  dispersion  of  visitors  throughout  the  DWGNSA  area  due  to  the 
lack  of  a  central  focus  point  (TILP) . 

VI. D. 3  EFFECT  UPON  THE  FISHERIES 


An  Influx  of  two  to  four  million  visitors/year  will  add  considerable 
pressure  to  the  existing  aquatic  environment.  The  mainstem  between 
Port  Jervis  and  East  Stroudsburg  Is  underfished  at  present.  With 
DWGNRA,  fishing  pressure  conceivably  could  alter  the  natural  composition 
of  the  river  as  it  becomes  readily  accessible.  The  activities  associa¬ 
ted  with  DWGNRA,  however,  are  land  oriented  and  direct  adverse  impact 
upon  the  river  fishery  is  unlikely. 

The  Delware  tributaries,  which  can  be  rapidly  altered  by  Introduced 
stress  factors,  will  be  vulnerable  to  degradation  due  to  the  potential 
prevalence  of  trails  and  campsites.  Though  It  Is  difficult  to  predict 
the  exact  Impact  of  four  million  people.  It  Is  clear  that  the  manifesta¬ 
tions  of  camping  water  usage  (e.g.,  garbage)  will  not  be  aesthetically 
or  biologically  beneficial.  The  Input  of  sewage,  if  not  effectively 
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controlled,  mey  further  degrade  the  natural  aquatic  environaent  of  the 
trlbutarlea  and  oalnatreaa.  Flahlng  preeaure  la  not  expected  to  exceed 
reaource  supply,  but  nonltorlng  the  relationship  between  recreational 
use  and  fish  trends  In  the  streaaa  Is  advisable.  The  establishment  of 
a  put-and-take  fishery  facility  within  the  DW6NRA  could  provide  addi¬ 
tional  sport  fishing  opportunities  If  stocking  Is  considered  necessary 
and/or  desirable. 
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VIE.  EFFECTS  OF  DOWNSTREAM  WATER  QUALITY  REQUIREMENTS 


Differences  between  existing  and  future  downstream  requirements  will 
be  examined  in  this  section.  The  water  quality  changes  expected 
from  these  future  requirements  will  be  generally  outlined. 


VI.E.l  EXISTING 

As  shown  in  VI. A. 3(b),  the  quality  of  water  in  the  downstream  reach 
varies  from  very  good  at  the  Delaware  Water  Gap  to  extremely  poor  in 
the  estuary  betwen  Philadelphia  and  Marcus  Point.  The  present  water 
quality  requirement  for  dischargers  into  the  downstream  reach  depends 
on  the  location  of  the  discharger. 

In  DRBC  Zone  1,  the  reach  between  Tocks  Island  and  Trenton,  all  dis¬ 
chargers  must  meet  the  secondary  treatment  requirements  of  85%  BOD 
removal.  In  Zones  2-5,  DRBC  regulations  call  for  somewhat  higher 
efficiencies  depending  on  the  carbonaceous  oxygen  demand  (CBOD) 
assimilative  capacity  of  the  particular  segment.  Municipal  and  in¬ 
dustrial  sources  are  the  prime  dischargers  although  non-point  sources 
amounted  to  about  22%  of  the  total  discharge. 
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A  COMPREHENSIVE  STUDV'  OF  THE 

TOCKS  ISLAND  LAKE  PROJECT  &  ALTERNATIVES 

URS/MADK3AN-PRAEGER.INC  &  CONKLIN  AND  ROSSANT 


Although  the  DRBC  has  set  the  above  treatment  requirements,  not  all 
of  tlie  dischargers  to  the  Delaware  River  are  presently  meeting  them. 
For  Instance,  the  city  of  Philadelphia  Is  expected  to  comply  with 
DRBC  regulations  by  1979  or  1980.  Control  of  Philadelphia  sewage 
is  extremely  Important  as  It  contributes  about  45  percent  of  all 
organic  pollutants  discharged  into  the  estuary.  The  program  for  the 
Philadelphia  area  was  developed  and  financed  by  the  City.  Tie  DRBC 
provided  approval  through  their  powers  to  determine  the  compatablllty 
of  new  programs  with  existing  facilities,  the  water  code,  duly 
adopted  regional  plans,  and  future  pollution  control  or  water 
quality  enhancing  projects.  The  DRBC  has  a  limited  funding  capacity 
and  must  rely  on  the  federal  government  to  grant  municipalities  the 
funds  necessary  for  pollution  control. 

The  DRBC  also  has  a  two-pronged  program  for  the  emergency  alerting  of 
water  users  and  the  emergency  abatement  of  accidental  pollution 
(spills).  The  alert  system  connects  the  Commission,  water  users 
and  Federal,  state  and  local  organizations  via  telephone  linkage. 
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It  Is  also  being  extended  to  the  sources  (industries,  pipeline 
companies,  water  and  wastewater  treatment  operators  and  marina  operators). 
The  abatement  system  consists  of  24-hour  emergency  clean-up  teams  whose 
costs  are  paid  for  by  the  discharger. 

Because  the  estuarine  waters  In  DRBC  Water  Quality  Zones  2  and  3  are 
used  for  public  water  supply,  the  DRBC  has  established  certain  water 
quality  objectives  to  protect  the  water  quality.  The  standards  in  each 
zone  for  chlorides  are  as  follows:  (1)  maximum  15-day  mean  of  50  mg/1 
In  Zone  2,  (2)  maximum  of  200  mg/1  In  Zone  3,  and  (3)  maximum  of 

250  mg/1  at  R.M.  92.7,  which  is  just  above  the  mouth  of  the  Schuylkill 
River.  A  recent  study  for  the  DRBC  outlined  the  effects  of  flow 
changes  at  Trenton  on  compliance  with  these  water  quality  objectives. 
These  are  summarized  in  the  following  table.  As  noted  in  Table  6-15 
the  current  DRBC  flow  objective  at  Trenton  is  3000  cfs.  It  should  be 
noted  that  the  BOD  removal  requirements  for  the  various  water  quality 
zones  were  determined  by  using  a  Delaware  Ri  '^r  estuary  model  with  a 
flow  set  at  3000  cfs.  At  lower  flow  rates  and  the  prescribed  levels 
of  treatment,  violations  of  water  quality  objectives  can  be  expected. 


VI. E. 2  FUTURE 


The  future  water  quality  requirements  mandated  by  PL  92-500  will  have 
a  substantial  effect  on  the  treatment  required  by  downstream  dischargers. 
Initially,  the  1977  requirement  will  have  little  effect  on  the 
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dischargers  as  all  effluents  within  the  DRBC  zones  must  presently  comply 
with  at  least  secondary  treatment  standards.  Full  compliance  with  the 
present  standards  will  result  in  water  quality  Improvements,  Including 
substantial  reductions  In  fecal  collforms  and  BOD  levels  In  the  estuary. 
Lesser  reductions  In  nutrients  and  toxic  materials  are  expected. 

Dissolved  oxygen  concentrations  will  Improve  In  the  estuary,  however, 
recent  work  by  the  U.S.  EPA  Indicate  the  D.O.  Improvements  will  not  be  as 
great  as  originally  expected  due  to  the  effect  of  nitrogenous  oxygen  demand 
(NOD) .  Ninety-six  percent  BOD  removal  and  50  percent  NOD  removal  would 
enable  a  2.0  mg/1  D.O.  concentration  In  the  estuary  to  be  met  at  all  times. 
Significant  reductions  In  heavy  metals  and  other  toxic  materials  are  also 
expected. 

On  time  implementation  of  the  1983  standards  of  best  practicable  waste 
treatment  technology  economically  achievable  for  Industrial  dischargers 
would  force  significant  changes  to  occur.  Although  best  practicable  waste 
treatment  technology  for  municipal  waste  treatment  plants  is  not  well 
defined  in  this  area,  future  effluent  requirements  may  include  reductions 
in  nitrogenous  oxygen  demand  loadings.  Nutrient  reductions  may  also  be 
expected.  As  mentioned  in  VI. B. 4,  the  industrial  waste  treatment  require¬ 
ments  will  force  industries  to  either  pretreat  and  discharge  to  municipal 
treatment  plants  or  construct  their  own  waste  treatment  plants.  When 
1983  criteria  are  met,  a  significant  Improvement  in  the  D.O.  sag  In  the 
Phlladelphia-Camden  area  will  result. 
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Compliance  with  1985  goals  would  Increase  the  D.O.  level  above  that 
contemplated  above.  However »  stormwater  dischargers,  benthic  oxygen 
demand  created  by  sludge  deposits  built  up  throughout  the  years  and 
Inputs  of  organic  materials  from  tributary  streams  must  be  reduced  In 
order  to  maintain  a  minimum  D.O.  concentration  of  4.0  mg/1. 

Deferred  Implementation  of  the  1983  and  1985  standards  and  goals  would 
result  In  significant  deferred  benefits  and  Increased  costs.  Deferred 
Implementation  of  the  1977  standard  would  have  no  effect  as  the  DRBC 
and  the  states  already  require  at  least  85  percent  BOD  removal. 

Deferred  Implementation  of  the  1983  standards  would  result  In  an  accrual 
of  benefits  to  those  Industries  and  municipalities  which  could  utilize 
funds  presently  earmarked  for  water  pollution  control  efforts  for  other 
purposes.  Significant  expense  to  the  commercial  and  re¬ 
creational  fishery  due  to  the  reduction  In  fish  production  would  con¬ 
tinue  to  occur.  The  effects  of  the  zero  pollutant  discharge  provision 
(1985  goal)  deferral  would  depend  upon  the  degree  of  treatment  mandated 
by  the  1983  standards. 

VI. E. 3  EFFECTS  UPON  FISH  AND  WILDLIFE 


Though  scheduling  may  be  unclear.  In  the  long-run  PL  92-500  will  def¬ 
initely  enhance  the  aquatic  biota  In  the  downstream  and  estuarine  reaches 
of  the  basin.  Host  notably,  ultimate  elevation  of  the  minimum  DO  con¬ 
centration  to  the  4. 0-5.0  mg/1  range  would  have  marked  beneficial  effects 
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upon  the  river's  fish,  particularly  between  Trenton  and  the  Chesapeake- 
Delaware  Canal  (VI.A.6(b)).  Substantial  decreases  In  heavy  metals  and 
toxic  materials  will  virtually  eliminate  the  threat  of  these  wastes  to 
aquatic  life.  Leaching  of  bottom  sediments  and  the  commercial  Inverte¬ 
brate's  capacity  for  concentrating  suspended  and  dissolved  material, 
however,  will  extend  the  caution  with  toxic  loads  in  these  organisms 
long  after  PL  92-500  Is  Implemented.  Marked  reductions  In  fecal 
conforms  could  reopen  the  condemned  oyster  beds  north  of  Dunk's  Point 
to  harvest  of  market  oysters,  though  these  beds  are  not  and  probably 
will  not  be  used  for  this  purpose  (VI. A. 6(b)).  Similarly,  the  trib¬ 
utaries  feeding  Into  the  bay  may  once  again  support  marketable  oyster 
populations . 

Delaware  Bay  is  extremely  productive  partly  because  it  receives  most 
of  the  basin's  nutrient  load.  Though  it  Is  reasonable  to  assume  a 
large  reduction  in  total  nutrient  input  to  the  bay  as  a  result  of 
PL  92-500,  man's  nutrient  contribution  will  still  be  significant. 

The  Impact  of  any  nutrient  loss  would  be  dependent  upon  the  natural 
background  levels  and  the  limitations  turbidity  Imposes  upon  produc¬ 
tivity.  At  any  rate,  it  is  likely  that  Delaware  Bay  waters  will 
receive  a  sufficiently  rich  natural  nutrient  loading  rate  to  sustain 
present  productivity  levels. 
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DELAWARE  RIVER  BASIN  COMMISSION 
BASIN  REGULATIONS  -  WATER  QUAUTY 


Administering  Agency  :  Delaware  River  Basin  Commission 

P.O.  Box  360 
Trenton,  N.J.  08603 


PART  I  -  GENERAL;  DEFINITIONS; 

COOPERATION 

Article  hi 
General;  Definitions 
Section  1-1. 1  General 

(1)  Effect  of  the  Comprehensive  Han.  The  Comprehen¬ 
sive  Plan  prescribes  standards  which  govern  the  review  of 
proposed  new  projects  and  action  by  the  Commission  to 
control  and  abate  pollution  with  respect  to  existing 
facilities.  Section  X  of  the  Comprehensive  Plan,  Water 
Quality  Standards  for  the  Delaware  River  Basin,  adopted 
April  26, 1%7,  sets  forth  these  water  quality  standards. 

(2)  Proiect  Review.  The  process  by  which  the  Commis¬ 
sion  will  include  projects  in  the  Comprehensive  Han  and 
review  and  screen  proposed  projects  to  detemine  their 
compatibility  with  the  Plan  is  set  forth  in  the  Commission’s 
Administrative  Manual  (Part  II)  -  RULES  OP  PRACTICE 
AND  PROCEDURE. 

(3)  Control  and  Abatement.  These  Regulations  are 
adopted,  pursuant  to  Article  5  and  Section  14.2  of  the 
Compact,  to  implement  the  cited  Water  Quality  Standards. 
Where  applicable  state  standards  require  hi^er  quality 
water  than  these  Standards  and  Regulations,  state  standards 
will  be  controlling. 

Section  1-1.2  Definitions.  For  the  purpose  of  these 
Regulations  and  for  interpretation  and  application  of  the 
Comprehensive  Ran,  unless  the  context  otherwise  requires; 

(1)  “Standards”  means  Section  X  of  the  Comprehensive 
Plan  as  added  by  Resolution  67-7,  dated  April  26,  1967 
(and  reproduced  in  Part  If  hereoQ- 

(2)  “Pollution”  means  the  introduction  into  waters  of 
the  Basin  of  substances  or  properties  which  impair  the  uses 
specified  in  the  Comprehensive  Plan. 

(3)  “Effluent  quality  requirements"  mean  the  require¬ 
ments  relating  to  effluents  which  are  prescribed  by  the 
Standards  or  by  these  Regulations. 

(4)  “Waste  assimilation"  means  the  chemical,  physical, 
and  biological  process  resulting  when  waste  substances  or 
properties  are  introduced  into  Basin  waters. 

(5)  “Waste  assimilative  capacity"  means  the  measure  of 
a  stream’s  capacity  for  watte  assimilation  without  impair¬ 
ment  of  the  uses  designated  by  the  Standards. 


(6)  “Water  uses"  means  the  protected  uses  prescribed  by 
the  Standards,  and  without  limitation  thereto: 

a.  “Agricultural  use"  includes  water  used  for  livestock 
and  for  irrigation; 

b.  “Industrial  use"  includes  water  for  processing  and 
cooling; 

c.  “Public  water  supplies”  include  water  suitable  for 
drinking  purposes  and  for  other  domestic,  industrial, 
municipal  or  institutional  uses; 

d.  “Wildlife"  includes  all  undomesticated  animals  and 
fowl; 

e.  “Fish  and  other  aquatic  life"  include  all  species  of 
resident,  anadromous,  and  catadromous  fish,  shellfish,  and 
other  aquatic  biota; 

f.  “Recreation"  includes  all  water-contact  sports. 

(7)  “Unregulated  streams"  means  streams  where  the 
quantity  of  flow,  including  its  distribution  in  time  or  place, 
are  not  significantly  altered  by  the  activities  of  works  of 
man. 

(8)  “Regulated  streams”  are  streams  where  the  qpsantity 
of  flow,  including  its  distribution  in  time  or  place,  ate 
altered  by  the  activities  or  works  of  man. 

(9)  Additional  definitions.  See  Section  l.S  of  Part  II  and 
Article  3  of  Part  111  of  these  Regulations  and  Section  1 .2  of 
the  Compact. 


Article  1-2 

Interstate  Cooperation 

Section  1-2.1  Administrative  Agreements.  To  avoid  un¬ 
necessary  duplication  and  achieve  maximum  efficiency, 
signatory  agencies  to  the  Delaware  River  Basin  Compact 
concerned  with  pollution  control  will  be  utilized  to  the 
maximum  practical  extent  in  enforcing  these  Regulations. 
To  that  end,  the  Executive  Director  is  authorized  to  enter 
into  cooperative  administrative  agreements  with  these 
agencies. 

Section  1-2.2  Additional  State  Requirements.  Any  of  the 
signatory  States  may  impose  standards,  including  water 
quality  criteria  and  effluent  quality  requirements,  with 
respect  to  waste  discharges  within  its  jurisdiction  in  exoea 
of  those  provided  by  the  Comprehensive  Plan  and  these 
Regulations. 
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PART  II  -  COMPRKHENSIVh  PLAN. 

SECTION  X.  WATER  QUALITY  STANDARDS 
FOR  THE  DELAWARE  RIVER  BASIN 

Article  2'l 
Basinwide 

Section  2-1.1  Water  Uses 

(1)  Uses  paramount.  Water  uses  shall  be  paramount  in 
determining  stream  quality  objectives  which,  in  turn,  sliall 
be  the  basis  for  determining  effluent  quality  requirements. 

(2)  Uses,  to  be  protected.  The  quality  of  Basin  waters 
shall  be  maintained  in  a  safe  and  satisfactory  condition  for 
the  following  uses:  (a)  agricultural,  industrial,  and  public 
water  supplies  after  reasonable  treatment,  except  where 
natural  salinity  precludes  such  uses;  (b)  wildlife,  fish  and 
other  aquatic  life;  (c)  recreation;  (d)  navigation;  (c) 
controlled  and  regulated  waste  assimilation  to  the  extent 
that  such  use  is  compatible  with  other  uses;  and  (0  mch 
other  uses  as  may  be  provided  by  the  Comprehensive  Plan. 

Section  2-1.2 Stream  Quality  Objectives 

(1)  Limits.  The  waters  of  the  Basin  shall  not  contain 
substances  attributable  to  municipal,  industrial,  or  other 
discharges  in  concentrations  or  amounts  sufficient  to 
preclude  the  specified  water  uses  to  be  protected.  Within 
this  requirement,  the  waters  shall  be  substantially  free  from 
unsightly  or  malodorous  nuiunces  due  to  floating  solids, 
shidge  deposits,  debris,  oil,  scum,  substances  in  concentra¬ 
tions  or  combinations  vrhich  are  toxic  or  harmful  to 
human,  animal,  plant,  or  aquatic  life,  or  that  produce  color, 
taste,  ^or  of  the  water,  or  taint  fish  or  shellfish  flesh.  In 
no  case  shall  concentrations  of  substances  exceed  those 
values  given  for  rejection  of  water  supplies  in  the  United 
States  ^blic  Health  Service  Drinking  Water  Standards. 

(2)  Nondegradation  of  Interstate  Waters.  It  is  the  policy 
of  the  Commission  to  maintain  the  quality  of  interstate 
waters,  where  existing  quality  is  better  than  the  established 
stream  quality  objectives,  unless  it  can  be  affirmatively 
demonstrated  to  the  Commission  that  such  change  is 
justifiable  as  a  result  of  necessary  economic  or  sociid 
development  or  to  improve  significantly  another  body  of 
water.  In  implementing  this  policy,  the  Commission  will 
require  the  highest  degree  of  waste  treatnnent  determined  to 
be  practicable.  No  change  will  be  considered  which  would 
be  injurious  to  any  designated  present  or  future  use.  in  the 
implementation  of  this  policy,  the  Secretary  of  the  Interior 
will  be  kept  advised  and  will  be  provided  with  such 
information  as  he  will  need  to  diKharge  his  responsibilities 
under  the  Federal  Water  Pollution  Control  Act. 

Section  2-1.3  Effluent  Quality  Requirements 

(1)  Minimum  treatment.  All  wastes  shall  receive  a 
minimum  of  secondary  treatment,  regardless  of  the  staled 
stream  quality  objective. 

(2)  Disinfection.  Wastes  (exclusive  of  stormwater  by¬ 
pass)  containing  human  excreta  or  disease  producing 
organisms  shall  be  effectively  disinfected  before  being 
discharged  into  surface  bodies  of  water. 

(3)  Public  safety.  Effluents  shall  not  create  a  menace  to 
puMic  health  or  safety  at  the  point  of  discharge. 

(4)  Limits  Discharges  shall  not  contain  more  than 
ne^igiUe  amounts  of  debris,  oil,  scum  or  other  floating 


materials,  suspended  matter  which  will  settle  to  form 
shidge,  tdxk  substances,  or  substances  or  organisms  that 
produce  color,  taste,  odor  of  the  water,  or  taint  fish  or 
shellfish  flesh. 

(S)  Allocation  of  capacity.  Where  necessary  to  meet  tlie 
stKam  quality  ol^tives,  the  waste  assimilative  capacity  of 
the  receiving  waters  shall  be  allocated  in  Kcordance  with 
the  doctrine  of  equitable  apportionment. 

Section  2-1.4  Other  Considerations 

(1)  Combined  sewers  Any  new  facility  or  project 
combining  sanitary  or  industrial  waste  with  stormwater 
drainage  which  would  have  a  substantial  effect  on  the 
quality  of  waters  of  the  Basin  shall  not  be  permitted, 
whether  or  not  any  such  project  or  facility  discharges  into 
an  existing  combined  system. 

(2)  Access  and  reports.  The  Commission,  or  its  duly 
authorized  representatives,  shall  have  access,  at  reasonable 
hours,  to  observe  and  inspect  vnste  treatment  facilities  and 
to  collect  samples  for  analyses.  Upon  written  request,  waste 
treatment  facility  operation  reports  shall  be  submitted  to 
the  Commission. 

(3)  Zones.  The  Delaware  River  and  Bay  and  their 
tributaries  may  be  divided  into  zones  which  will  facilitate 
the  management  of  surface  and  underground  water  quality. 

(4)  Streamflow.  Numerical  stream  quality  objectives  are 
based  on  a  minimum  consecutive  7-day  flow  with  a  10-year 
recurrence  interval. 

Section  2-1.5  Definitions 

(1)  Biochetruad  oxygen  demarul.  Biochemical  oxygen 
demand  as  determined  under  standard  laboratory  proce¬ 
dures  for  S  days  at  20  degrees  C. 

(2)  Carbonaceous  oxygen  demand.  That  part  of  the 
ultinute  oxygen  dentand  associated  with  biochemical 
oxidation  of  carbonaceous,  as  distinct  from  nitrogenous, 
material. 

(3)  Effective  disinfection.  The  destroction  of  pathogenic 
organisms  in  such  manner  and  under  such  controls  as  shall 
be  prescribed  by  Commission  regulations. 

(4)  Secondary  treatment.  The  removal  of  practically  aU 
suspended  solids  at  all  times  and  the  reduction  of  the 
biochemical  oxygen  demand  by  at  least  8S  percent,  and 
may  include  the  in-plant  control  of  industrial  wastes  u 
prescribed  by  the  Conunission. 

(5)  River  mik.  The  distance,  in  statute  miles,  of  a 
location  or  item  measured  from  “mile  zero." 

a.  Delaware  Bay  and  River.  Mile  zero  is  located  at  the 
intersection  of  the  centerline  of  the  navigation  channel  and 
a  line  between  the  Cape  May  Lif^t  and  die  tip  of  Cape 
Henlopen.  Distances  from  mile  zero  are  measured  essentid- 
ly  along  the  centerline  of  the  naviption  channel  up  to  the 
Trenton-Morrisville  Toll  Bridge  (R.  M.  133.4)  and  above 
that  point  along  the  State  boundary  line  as  shown  on 
puMi^ed  quadrangle  maps  of  the  United  States  Geological 
Survey. 

b.  Tributaries  Mile  zero  is  located  at  the  intersection  of 
the  centerline  of  the  tributary  and  a  line  joining  the 
opposite  banks  at  its  mouth.  Distances  from  mile  zero  ate 
measured  along  the  centerline  of  the  tributaiy. 

Section  2-1.6  ApplicMion.  This  Article  diall  apply  to  aB 
surface  waters  of  the  Delaware  River  Besin. 
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Article  2-2 

Interstate  Streams  Nontkial 

Sectum  2-2.1  Application.  This  Article  sliiill  apply  to  titc 
interstate  nonlidal  streams  of  the  Delaware  River  Basin. 

Seetkm  2-2.2  Description.  The  interstate  nontidal  streams 
of  the  Delaware  River  Basin  are  those  rivers,  lakes,  attd 
other  waters  that  flow  across  or  form  a  part  of  state 
boundaries.  The  interstate  waters  are  further  classified  as 
follows: 

(1)  Zone  I A  is  that  part  of  the  Delaware  River  extend¬ 
ing  from  the  confluence  of  the  East  and  West  Branches  of 
the  Delaware  River  at  Hancock,  New  York,  R.M.  (River 
Mile)  330.7,  to  the  U.S.  Route  106  bridge  at  Narrowsburg, 
New  York,  R.M.  289.9. 

(2)  Zone  IB  is  that  part  of  the  Delaware  River  extending 
from  the  U.S.  Route  106  bridge  at  Narrowsburg,  New 
York,  R.M.  289.9,  to  the  U.S.  Routes  6  and  209  bridge  at 
Port  Jervis,  New  York,  R.M.  254.75. 

(3)  Zone  IC  is  that  part  of  the  Delaware  River  extending 
from  the  U.S.  Routes  6  and  209  bridge  at  Port  Jervis,  New 
York,  R.M.  254.75,  to  Tocks  Island  Dam,  R.M.  217.0 
(proposed  axis  of  dant). 

(4)  Zone  ID  is  that  part  of  the  Delaware  River  extend¬ 
ing  from  Tocks  Island  Dam,  R.M.  21 7.0  (proposed  axis  of 
dam),  to  R.M.  185.0,  above  Easton,  Pennsylvania. 

(5)  Zone  IE  is  that  part  of  the  Delaware  River  extending 
from  R.M.  185.0,  above  Easton.  Pennsylvania,  to  the  head 
of  tidewater  at  Trenton,  New  Jersey,  R.M.  133.4  (Trenton- 
Morrisville  Toil  Bridge). 

(6)  Zone  E  is  East  Branch  Delaware  River  extending 
from  its  source  in  the  town  of  Roxbury,  Delaware  County, 
New  York,  to  its  mouth  at  Hancock,  New  York,  at  R.M. 
330.7  on  the  Delaware  River. 

(7)  Zone  Wl  is  West  Branch  Delaware  River  extending 
from  its  source  in  the  town  of  Jefferson,  Schoharie  County, 
New  York,  to  its  mouth  at  Hancock,  New  York,  at  R.M. 
330.71  on  the  Delaware  River. 

(8)  Zone  W2  is  Sand  Pond  Creek  extending  from  R.M. 
1.8  at  the  confluence  of  Sherman  Creek  and  Starboard 
Creek  in  Pennsylvania  to  its  mouth  in  New  York  at  R.M. 
10.1  on  the  West  Branch  Delaware  River.  Cat  Hollow  Brook 
extending  from  its  source  in  New  York  to  its  mouth  ui 
Pennsylvania  at  R.M.  1.05  on  Sand  Pond  Creek;  Sherman 
Creek  in  Pennsylvania  extending  from  its  source  to  its 
mouth  at  R.M.  I.S  on  Sand  Pond  Creek;  an  unnamed 
tributary  of  Sherman  Creek  extending  from  its  source  in 
New  York  to  its  mouth  in  Pennsylvania  at  R.M.  1.6  on 
Sherman  Creek;  and  Starboard  Creek  extending  from  its 
source  in  Lake  Oquaga  in  New  York  to  its  mouth  in 
Pennsylvania  at  R.M.  1.81  on  Sand  Pond  Creek. 

(9)  Zone  Nl  is  that  part  of  the  Neversink  River 
extending  from  R.M.  0.5  at  its  confluence  with  Gove 
Brook  to  Its  mouth  on  the  Delaware  River  at  R.M.  253.64. 

(10)  Zone  N2  is  Clove  Brook  extending  from  its  source 
in  Steeny  Kill  Lake  in  New  Jersey  to  its  mouth  in  New 
York  at  R.M.  0.5  on  the  Neversink  River,  an  unnamed 
tributary  of  Clove  Brook  extending  from  its  source  in  New 
York  to  its  mouth  in  New  Jersey  at  R.M.  1.0  on  Clove 
Brook;  and  an  unnamed  tributary  to  the  above  unnamed 


tributary  of  Gove  Brixik  extending  from  its  source  in  New  I 

York  to  Its  mouth  in  New  Jersey  at  R.M.  0.7  on  tlic  | 

unnamed  tributary  of  Clove  Brook. 

(11)  Zone  Cl  is  that  part  of  tlic  Giristina  River 
extending  from  its  source  in  Pennsylvania  to  tlic  licad  of 
tidewater  at  R.M.  16.3  at  the  outlet  of  Smalley's  Ptmd  in 
Delaware. 

(12)  Zone  C2  is  West  Branch  Christina  River  extending 
from  its  source  in  Maryland  to  its  month  on  the  Christina 
River  in  Delaware  al  R.M.  25.7. 1’ersinimon  Run  extending 
from  its  source  in  Maryland  to  its  mouth  on  the  West 
Branch  Christina  River  in  Delaware  al  R.M.  O.K;  and  East  ! 
Branch  Christina  River  extending  from  its  source  in 
Pennsylvania  to  its  mouth  on  the  Christina  River  in 
Delaware  al  R.M.  30.2 

(13)  Zone  CJ  is  White  Clay  Creek  extending  from  its 
siHircc  in  Pennsylvania  to  R.M.  14.7  al  the  Pennsylvania- 
Delaware  Stale  line. 

( 14)  Zone  C4  is  that  part  ofWIiilc  Clay  Creek  extending 
from  R.M.  14.7  al  the  Pennsylvania-Delaware  State  line  to 
its  mouth  on  the  Christina  River  in  Delaware  al  R.M.  10.0. 

(15)  Zone  CS  is  that  part  of  Red  Clay  Creek  extending 

from  the  confluence  ol  the  Last  and  West  Blanches  of  Red  | 

Clay  Creek  in  Pennsylvania  al  R.M.  13.4  to  R.M.  12.6,  at  | 

the  Pennsylvania-Delaware  Slate  line;  and  West  Branch  Red 
Clay  Creek  extending  from  its  source  to  its  mouth  on  Red 
Clay  Creek  at  R.M.  13.4. 

(16)  Zone  C6  is  that  part  of  Red  Clay  Creek  extending 
from  R.M.  12.6  at  the  Pennsylvania-Delaware  State  line  to 
its  mouth  on  While  Clay  Cieek  in  Delaware  at  R.M.  2.6. 

(1 7)  Zone  C7  is  that  part  of  Brandywine  Creek  extend¬ 
ing  from  the  confluence  of  the  East  and  West  Branches  of  j 
Brandywine  Creek  in  Pennsylvania  at  R.M.  20.0  to  the  head 

of  tidewater  at  R.M.  2.0  at  the  Market  Street  Bridge  in 
Wilmington,  Delaware;  and  West  Branch  Brandywine  Creek 
extending  from  its  source  to  its  mouth  on  Brandywine 
Creek  at  R.M.  20.0. 

(18)  Zone  C8  is  Naaman  Creek  extending  from  its 
source  in  Pennsylvania  to  the  head  of  tidewater  in 
Delaware. 

Section  2-2.3  Water  Uses  to  be  Protected.  The  quality  of 
interstate  nontidal  waters  shall  be  maintained  in  a  safe  and 
satisfactory  condition  for  the  uses  specified  in  Column  2  of 
Table  II  I.  The  following  designations  apply  to  that 
column: 

A.  Agricultural,  industrial,  and  public  water  supplies 
after  reasonable  treatment. 

B.  Wildlife,  maintenance  and  propagation  of  resident 
game  fish  and  other  aquatic  life. 

C.  Maintenance  and  propagation  of  trout. 

D.  Spawning  and  nursery  habitat  for  anadromous  flsh. 

E.  Passage  of  anadromous  flsh. 

F.  Recreation. 

Section  2-2.4  Stream  Quality  Objectives.  The  stream 
quality  objectives  of  the  interstate  nontidal  waters  shall  be 
those  specified  in  Column  3  of  Table  ll-l.  The  follow¬ 
ing  designations  apply  to  that  column: 

A.  Dissolved  oxygen. 

1 .  Not  less  than  5.0  mg/ 1  at  any  time. 

2.  Not  less  than  4.0  mg/ 1  at  any  time. 
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B.  Temperature. 

1.  Not  to  exceed  five  degrees  F  rise  above  nature 
temperature  until  stream  temperature  reaches  70  degrees  F; 
natural  temperature  will  prevail  above  70  degrees  F. 

2.  Not  to  exceed  5  degrees  F  rise  above  natural 
temperature  until  stream  temperature  reaches  87  degrees  F, 
except  in  heat  dissipation  areas  which  may  be  designated  by 
the  Commission;  natural  temperature  will  prevail  above  87 
degrees  F.  except  in  designated  heat  dissipation  areas. 

C.  pH 

1.  Between  6.0  and  R.S. 

2.  Between  6.5  and  8.S. 

D.  Plieiiols  -  not  to  exceed  0  005  mg/I. 

E.  Threshold  odor  nuniber  not  to  exceed  24  at  60 
degrees  C. 

F.  Synthetic  detergents  (M.B.A.S.)  -  not  to  exceed  0.5 
mg/I. 

C.  Fluorides  -  not  to  exceed  1 .0  mg/I . 

H.  Alkalinity  -  not  less  than  20mg/t. 


I.  Radioactivity - 

alplia  emitters  -  not  to  exceed  3  pc/ 1  (pkocuries  per 
liter); 

beta  emitters  -  not  to  exceed  1 ,000  pc/l . 

J.  Turbidity  —  not  to  exceed  the  natural  background  by 
10  units  or  a  maximum  of  25  units,  whichever  is  less, 
except  following  precipitation;  increases  not  to  be  attri¬ 
butable  to  industrial  waste  discharges. 

K.  Fecal  coliform  -  not  to  exceed  200  per  100 
milliliters  as  a  geometric  mean;  samples  sliall  be  taken  at 
such  frequency  and  location  as  to  permit  valid  interpre¬ 
tation. 

Section  2-2.5  Effluent  Quality  Requirements.  The  effluent 
quality  requirements  interstate  nontidal  waters  sliall  be 
those  specified  in  Column  4  of  Table  ll-l.  The  follow¬ 
ing  designations  shall  apply  to  that  column: 

A.  All  discharges  shall  meet  the  effluent  quality  require¬ 
ments  of  Article  2-1.  The  carbonaceous  oxygen  demand 
from  an  outfall  (exclusive  of  stormwater  bypass)  shall  not 
exceed  that  assigned  by  the  Commission  to  maintain  stream 
quality  objectives. 


TABLE  II- 1 

Water  Quality  Standards  for  Interstate, 
Nontidal  Streams  in  Terms  of  Minimum 
Water  Uses.  Stream  Quality  Objectives 
and  Effluent  Quality  Requirements 


Zone 

Water 

uses 

Stream  quality  Effluent  quollty 

objectives  requirements 

-  -  Vi 

(2) 

(3) 

lA.  Detowore  River,  Hancock  to  Norrowsborg 

Ai^DF 

AI,B1,C1,D,E,F,I,K 

A 

IB.  Delaware  River,  Norrowsburg  to  Port  Jervis 

ABDEF 

A2,B2,CI,D,E,F,I,K 

A 

IC.  Delaware  River,  Port  Jervis  to  locks  island 

ABDEF 

A2,B2,CI,D,E,F,I,K 

A 

ID.  Delowarc  River,  Tocks  Island  to  Eoston 

ABDEF 

A2,B2,C1,D,E,F,I,K 

A 

IE.  Delaware  River,  Easton  to  Trenton 

ABDEF 

A2,B2,C1,D,E,F,H,I,K 

A 

E.  East  Branch  Delawore  River 

ABCF 

A1,BI,CI,D,E,F,I,K 

A 

Wl.  West  Branch  Delaware  River 

W2.  Sand  Pond  Creek,  Cot  Hollow  Brook, 

ABCF 

AI,B1,C1,D,E,F,I,K 

A 

Shermon  Creek,  Starboard  Creek 

ABCF 

A1,B1,CI,D,E,F,I,K 

A 

Nl.  Neversink  River,  R.M.  O.OtoO.5 

ABF 

A2,B2,C2,D,E,F,I,K 

A 

N2.  Clove  Brook  and  its  interstate  tributaries 

ABCF 

A1,B1,C2,D,E,F,I,K 

A 

Cl.  Christirra  River  above  Smalley's  Pond 

C2.  East  and  West  Branches  Christina  River, 

ABF 

A2,B2,CI,D,E,F,I,J,K 

A 

Persimmon  Run 

C3.  White  Clay  Creek  in 

ABF 

A2,B2,C1,D,E,F,I,J,IC 

A 

Pennsylvania 

ABCF 

AI,BI,C1,D,E,F,I,J,K 

A 

C4.  White  Cloy  Creek  in  Delaware 

C5.  Red  Clay  Creek  in  Pennsylvania  and 

ABF 

A2,B2,Cl,D,E,F,l,J,K 

A 

West  Branch  Red  Clay  Creek 

ABCF 

AI,B1,CI,D,E,F,I,J,K 

A 

C6.  Red  Clay  Creek  in  Delaware 

C7.  Brandywine  Creek  and  West  Branch 

ABF 

A2,B2,CI,D,E,F,I,J,K 

A 

Brandywine  Creek 

ABDEF 

A2,B2,C2,D,E,F,G,I,J,K  A 

C8.  Nooman  Creek 

ABF 

A2,B2,CI,D,E,F,I,K 

A 
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Article  2S 

Interstate  Stream-  Tidal 

Section  2-3.1  Application.  This  Article  shall  apply  to  the 
Delaware  River  Estuary  and  Bay,  including  the  tidal 
portions  of  the  tributaries  thereof. 

Section  2-3.2  Zone  2 

(1)  Description.  Zone  2  is  that  part  of  the  Delaware 
River  extending  from  the  head  of  tidewater  at  Trenton, 
New  Jersey,  R.M.  (River  Mile)  133.4  (Trenton-Morrisvilie 
Toll  Bridge)  to  R.M.  lOM  below  the  mouth  of  Fennypack 
Creek,  including  the  tidal  portions  of  the  tributaries, 
thereof. 

(2)  Water  uses  to  be  protected.  The  quality  of  Zone  2 
waters  shall  be  maintained  in  a  safe  and  satisfactory 
condition  for  the  following  uses:  (a)  agricultural,  industrial, 
and  public  water  supplies  after  reasonable  treatment;  (b) 
wildlife,  maintenance  and  propagation  of  resident  fish  and 
other  aquatic  life,  passage  of  anadromous  fish;  (c)  recrea¬ 
tion;  and  (d)  navigation. 

(3)  Stream  quality  objfctives. 

a.  Dissolved  oxygen.  Daily  average  concentration  shall 
not  be  less  than  S.O  mg/ 1,  except  during  the  periods  from 
April  I  to  June  IS  and  September  16  to  December  31  when 
the  dissolved  oxygen  shall  not  average  less  than  6.S  mg/I. 

b.  pH.  Between  6.S  and  8.S. 

c.  Total  alkalinity.  Between  20  and  lOOmg/1. 

d.  Temperature.  Shall  not  exceed  S  degrees  F  above  the 
average  daily  temperature  gradient  displayed  during  the 
1961-66  period,  or  a  maximum  of  86  degrees  F,  whichever 
is  less. 

e.  Phenols.  Maximum  O.OOS  mg/I. 

f.  Threshold  odor  number.  Not  to  exceed  24  at  60 
degrees  C. 

g.  Syndets.  (synthetic  detergents)  measured  as  M.B.A.S. 
(methylene  blue  active  substances).  Maximum  monthly 
mean  O.S  mg/1. 

h.  Turbidity.  Maximum  monthly  mean  40  units,  maxi-, 
mum  ISO  units. 

i’ Radioactivity.  -  alpha  emitters,  maximum  3  pc/1* 
(picocuries  per  liter);  beta  emitten,  maximutn  1,0(X)  pc/1. 

j.  Chlorides  Maximum  IS-day  mean  SOmg/1. 

k.  Hardness.  Maximum  montldy  mean  9S  mg/I. 

l.  Fecat  conform.  Maximum  geometric  mean  of  200  per 
100  milliliters  above  R.M.  117.81  and  770  per  l(X) 
milliliters  below  R.M.  117.81;  samples  shall  be  taken  at 
such  frequency  and  location  as  to  permit  valid  interpreta¬ 
tion. 

(4)  Effluent  quality  requirements.  All  discharges  diall 
meet  the  effluent  qu^ity  requirements  of  Article  2-1.  The 
carbonaceous  oxygen  demand  from  all  outfalls  in  the  zone 
(exclusive  of  stormwater  bypass)  shall  not  exceed  that 
auigned  by  Commission  regulations. 

Section  2-3.3  Zone  3 

(1)  Description.  Zone  3  is  that  part  of  the  Delaware 
River  extending  from  R.M.  108.4  to  R.M.  9S.0  below  the 
mouth  of  Big  Timber  Creek,  including  the  tidal  portiotu  of 
the  tributaries  thereof. 

(2)  Mater  uses  to  be  protected.  The  quality  of  Zone  3 
waters  shall  be  maintained  in  a  safe  and  satisfactory 


condition  for  the  following  uses:  (a)  agricultural,  industrial, 
and  public  water  supplies  after  reasonable  treatment;  (b) 
wildlife,  maintenance  of  resident  fish  and  other  aquatic  life, 
passage  of  anadromous  fisli;  (c)  recreation;  and  (d)  naviga¬ 
tion. 

(3)  Stream  quality  ob/ectivet 

a.  Dissitived  oxygen.  Daily  average  concentration  shall 
not  be  less  than  3.S  mg/l,  except  during  the  periods  from 
April  1  to  June  IS  and  September  16  to  December  31  when 
the  dissolved  oxygen  shall  nut  average  less  than  6.S  mg/l. 

b.  pH.  Between  6.S  and  8.S. 

c.  Total  alkalinity.  Between  20  and  120  mg/l. 

d.  Temperature.  Shfdl  not  exceed  S  degrees  F  above  the 
average  daily  temperature  gradient  displayed  during  the 
1961-66  period,  or  a  maximum  of  86  degrees  F,  whichever 
is  less. 

e.  Phenols.  Maximum  O.OOS  mg/l. 

f.  Threshold  odor  number.  Not  to  exceed  24  at  60 
degrees  C. 

g.  Syndets.  (M.B.A.S.)  Maximum  monthly  mean  1.0 
mg/l. 

h.  Turbidity.  Maximum  monthly  mean  40  units,  maxi¬ 
mum  ISO  units. 

i.  Radioactivity.  -  alpha  emitters,  maximum  3  pc/1 
(picocuries  per  liter);  beta  emitters,  maximum  1,000  pc/1. 

j.  Chlorides.  Maximum  200 mg/l. 

k.  Hardness.  Maximum  monthly  mean  ISO  mg/l. 

l.  Fecal  conform.  Maximum  geometric  mean  of  770  per 
100  milliliters;  samples  shall  be  taken  at  such  frequency  and 
location  as  to  permit  valid  interpretation. 

(4)  Effluent  quality  requirements.  All  discharges  shall 
meet  the  effluent  quality  requirements  of  Article  2-1.  The 
carbonaceous  oxygen  demand  from  all  outfalls  in  the  zone 
(exclusive  of  stormwater  bypass)  shall  not  exceed  that 
assigned  by  Commission  regulations. 

Section  2-3.4  Zone  4 

(1)  Description.  Zone  4  is  that  part  of  the  Delaware 
River  extending  from  R.M.  9S.0  to  R.M.  78.8,  the 
Pennsylvania-Delaware  boundary  line,  including  the  tidal 
portions  of  the  tributaries  thereof. 

(2)  Water  uses  to  be  protected.  The  quality  of  Zone  4 
waters  shall  be  maintained  in  a  safe  and  satisfactory 
condition  for  the  following  uses:  (a)  industrial  water  supply 
after  reasonable  treatment;  (b)  wildlife,  maintenance  of 
resident  fish  and  other  aquatic  life,  passage  of  anadromous 
flsh;  (c)  recreation;  and  (d)  navigation. 

(3)  Stream  quality  objectives. 

a.  Dissolved  oxygen.  Daily  average  concentration  shall 
not  be  less  than  3.S  mg/l,  except  during  the  periods  from 
April  1  to  June  IS  and  September  16  to  December  31  when 
the  dissolved  oxygen  shall  not  average  less  than  6.S  mg/l. 

b.  pH.  Between  6.S  and  8.S. 

c.  Total  alkalinity.  Between  20  and  120  mg/l. 

d.  Temperature.  Shall  not  exceed  S  degrees  F  above  the 
average  daily  temperature  gradient  displayed  during  the 
1961-66  period,  or  a  maximum  of  86  degrees  F,  whi^ver 
it  leu. 

e.  Phenols.  Maximum  0.02  mg/l. 

f.  Threshold  odor  number.  Not  to  exceed  24  at  60 
degrees  C. 
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g.  Synjets.  (M.B.A.S.)  Maxiiiiuin  niuntlily  mean  l.fl 
m^l. 

h.  Turbidity.  Maxinuiiii  inunllily  mean  40  units,  maxi¬ 
mum  ISO  units. 

i.  RadkHKtivity.  alpha  cmitlurs,  maximum  3  pc/l; 
beta  emitters,  maxinuim  1 .000  pc/ 1 . 

j.  CMoriJes.  Maximum  2S0mg/l  at  K  M.  ^2.A7. 

k.  Feeai  etJiform.  Maximum  geumciric  mean  of  770  per 
100  milliliters;  samples  sliall  be  taken  at  such  frequency  anil 
location  as  to  permit  valid  inicrpretatiun. 

(4)  Kffluviii  quality  requirements.  All  discharges  shall 
meet  the  efnuenl  quality  requirements  of  Article  2-1.  The 
carbonaceous  oxygen  demand  from  all  outfalls  in  the  /.one 
(exclusive  of  stormwater  bypass)  shall  nut  exceed  that 
assigned  by  Commission  regulations. 

Seetkm  2-J.5  Zone  5 

(1)  Deserquion.  Zone  5  is  tliat  part  of  the  Delaware 
River  extending  from  R.M.  78.8  to  R.M.  48.2.  Liston  Point, 
including  the  tidal  portions  of  the  tributaries  thereof. 

(2)  Water  uses  to  he  protected.  The  quality  of  Zone  5 
waters  shall  be  maintained  in  a '  safe  and  satisfactory 
condition  for  the  following  uses:  (a)  industrial  water  supply 
aftei  reasonable  treatment;  <b)  wildlife,  maintenance  of 
resident  fish  and  other  aquatic  life,  propagation  of  resident 
fisli  from  R.M.  70.0  to  R  M.  48.2,  passage  of  anadromous 
rish;(c)  recreation;  and  (d)  navigation. 

(3)  Stream  quality  ohjectives 

a.  Dissolved  o.xygen.  Daily  average  concentration  shall 
not  be  less  than  3.5  mg/I  at  R.M.  78.8,4.5  mg/I  at  R.M. 
70.0  and  6  0  mgl)  at  R  .M  so  S  except  during  the  periods 
from  April  I  to  June  1 5  and  September  16  to  December  31 
when  die  dissolved  oxygen  shall  not  average  less  than  6.5 
mg/I  in  the  entire  ^onc. 

b.  pit.  Between  6.5  and  8.5. 

c.  Total  alkalinity.  Between  20  and  1 20  mg/ 1 . 

d.  TemiKrature  Shall  not  exceed  5  degrees  F  above  the 
average  daily  temperature  gradient  displayed  during  the 
1961-66  period,  or  a  inaxinium  of  86  degrees  F,  whichever 
is  less. 

c.  Phenols  Maxinuim  0.02  mg/I . 

f.  Threshold  odor  number.  Not  to  exceed  24  at  60 
degrees  C. 

g.  Synjets.  (M.B.A.S.)  Maximum  monthly  mean  1.0 
m^  I . 

h.  Turbidity.  Maximum  monthly  mean  40  units,  maxi¬ 
mum  1 50  units. 

i.  Radioactivity,  alpha  emitters,  maximum  3  pc/l  (pico- 
curics  per  liter),  beta  emitters,  maximum  1.000  pc/l. 

j.  Fecal  eoliform.  MaMiniim  geometric  mean  of  770  per 
100  milliliters,  sampIcN  shall  be  taken  at  such  frequency  and 
l<K.'ation  as  to  pcrniil  valid  inicrprcialion. 

(4)  Ff/lucnt  qnalitv  requirements.  All  discharges  shall 
meet  the  efOuent  quality  requirements  of  Article  2-1  The 
caibonaceous  oxygen  demand  lioin  all  outfalls  in  (he  zone 
(exclusive  of  stormwater  bypass)  shall  not  exceed  that 
assigned  by  Commission  regulations 

Section  2-3.  A  Zone  A 

(I)  Desiription.  Zone  6  is  that  part  of  Delaware  Bay 
extending  from  R.M  48.2  to  R.M  0.0,  the  Atlantic  Ocean, 
including  the  tidal  portions  of  the  tributaries  thereof. 


(2)  Water  uses  to  he  pnrteeteJ.  The  quality  of  Zone  6 
waters  sliall  be  maintained  in  a  safe  and  satisfactory 
condition  for  the  following  uses:  (a)  industrial  water  supply 
after  reasonable  treatment;  (b)  wildlife,  maintenance  and 
propagation  of  resident  fish,  slielKisli,  and  other  aquatic 
life,  and  passage  of  anadromous  rish:(c)  recreation;  and(d) 
navigation. 

(3)  Stream  quality  ohjcetives. 

a.  Dissolved  oxygen.  Daily  average  concentration  shall 
nut  be  less  than  6.0  mg/ 1 . 

b.  idl.  Between  6.5  and  8.5. 

c.  Total  alkalinity.  Between  20  and  1 20  mg/ 1 . 

d.  Te  nperaturc.  Shall  not  exceed  5  degrees  F  above  the 
average  daily  temperature  gradient  displayed  during  the 
1961-66  period,  or  a  maximum  of  86  degrees  F.  whichever 
is  less. 

e.  Phemds.  Maximum  002  mg/I. 

f.  Threshold  odor  number.  Not  to  exceed  24  at  60 
degrees  C. 

g.  Syndets.  (M.B.A.S.)  Maximum  monthly  mean  1.0 
mg/I. 

h.  Turbidity.  Maximum  monthly  mean  40  units,  maxi¬ 
mum  150  units. 

i.  Radioactivity.  -  alpha  emitters,  maximum  3  pc/l 
(picocuries  per  liter);  beta  emitters,  maximum  1.000  pc/l. 

j.  Conform.  MPN  (most  probable  number)  not  to  exceed 
U.S.  Public  Health  Service's  shellfish  standards  in  desig¬ 
nated  shellfish  areas. 

k.  Fecal  conform.  Maximum  geometric  mean  of  200  per 
100  milliliters;  samples  shall  be  taken  at  such  frequency  and 
location  as  to  permit  valid  interpretation. 

(4)  Ffjluent  quality  requirements.  All  discharges  shall 
meet  the  efOuent  quality  requirements  of  Article  2-1.  The 
carbonaceous  oxygen  demand  from  an  outfall  (exclusive  of 
stomtwater  bypass)  shall  not  exceed  that  assigned  by  (he 
Commission  to  maintain  stream  quality  objectives. 

PART  III  APPLICATION  OF  STANDARDS 
Article  31 

Section  3-1.1  Water  Uses.  Protected  water  uses  are  as 
prescribed  by  the  Comprehensive  Plan.  In  the  interpretation 
and  application  of  the  Standards  and  these  Regulations,  the 
purpose  of  protection  of  such  water  uses  shall  control  the 
meaning.  It  is  the  further  purpose,of  (his  part  to  preserve 
and  protect  the  quality  of  Basin  waters  in  a  safe  and 
adequate  condition  for  the  uses  spccilied  in  the  Compre¬ 
hensive  Plan. 

Article  3-2 

Section  3-2.1  Water  Quality  Criteria.  Stream  quality  objec¬ 
tives  as  set  forth  in  the  Standards  sliall  be  the  criteria  under 
these  Regulations. 

(1)  Purpose  It  is  the  purpose  and  intent  of  the  stream 
quality  objectives  specified  in  (he  Comprehensive  Plan  to 
apply  to  artificial  (man-made,  as  opposed  to  natural)  causes 
of  pdhilion. 

(2)  Additkmal  specifications.  The  Standards  have  set 
limits  fur  most  of  die  significant  and  comtnunly-used 
indicators  which  are  pertinent  to  water  quality  management 
ill  the  Basin.  When  a  need  arises,  or  upon  application  to  the 
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CcMnmission,  additional  indicators  and  limits  will  he  de¬ 
nned . 

(3)  Water  <tualily  meaairements.  Water  quality  shall  be 
measured  outside  of  mixing  areas  when  such  areas  are 
designated  by  the  Commission. 

(4)  Tributariet  to  interstate  yvaters.  Waste  discharged 
into,  or  permitted  to  flow  into,  or  be  placed  in  any 
intrastate  tributary  of  interstate  waters  shall  be  treated  to 
such  extent  as  may  be  necessary  (i)  to  maintain  the  waters 
of  such  intrastate  tributary,  immediately  above  its  con¬ 
fluence  with  such  interstate  waters,  in  a  condition  at  least 
equal  to  the  water  quality  criteria  specified  for  the  receiving 
interstate  waters,  and  (li)  so  that  the  assimilation  of  such 
waste  by  (he  interstate  waters  will  not  result  in  a  violation 

of  such  water  quality  criteria. 

» 

Article  3-3 

Affluent  Quality  Requirements 

Section  3-3.1  Prohibited  Discharges.  No  person,  firm, 
partnership,  corporation,  association  or  other  entity,  in¬ 
cluding  any  of  the  signatory  parties,  any  political  sub¬ 
division,  agency  department  or  instrumentality  of  any  of 
them,  shall  cause  or  permit  any  pollution  or  violate  the 
effluent  quality  requirements  or  allocations  of  stream 
assimilative  capacity  imposed  by  or  determined  pursuant  to 
this  Article. 

Section  3-3.2  Biochemical  Oxygen  Demand.  The  bio¬ 
chemical  oxygen  demand  (BOD)  shall  mean  the  oxygen 
utilized  during  the  lirst  live  days  of  aerobic  decomposition 
at  20  degrees  C  consistent  witli  the  latest  edition  of 
"Standard  Methods  for  the  Examination  of  Water  and 
Wastewater,”  published  jointly  (he  American  Public  Health 
Association,  the  American  Water  Works  Association,  and 
the  Water  Pollution  Control  Federation. 

Section  3-3.3  Carbonaceous  Oxygen  Demand.  The  carbona¬ 
ceous  oxygen  demand  of  wastes  forms  the  basis  for 
allocating  the  capacity  of  the  receiving  waters  to  assimilate 
the  oxygen  demand  generated  by  the  waste  discharges.  The 
carbonaceous,  or  first  stage,  oxygen  demand  is  defined  as 
the  oxygen  utilized  in  the  carbonaceous  reactirn,  as 
distinguished  from  that  utilized  in  the  nitrogenous  or 
second  stage  reaction.  The  carbonaceous  oxygen  demand  is 
calculated  by  projecting  the  logarithmic  rate  of  carbonace¬ 
ous  oxidation  to  completion. 

Section  3-3.4  Nitrogenous  Oxygen  Demand.  The  Cs>mmis- 
Sion  will  consider  the  nitrogenous  demand  of  wastes,  which 
generates  a  further  gross  oxygen  demand  upon  the  receiving 
waters,  in  establishing  treatment  requirements  where  appro¬ 
priate. 

Section  3-3.5  Minimum  Treatment.  All  wastes  shall  be 
treated  to  remove  practically  all  suspended  solids  and  shall 
receive  such  additional  treatment  as  determined  by  the 
Commission  upon  consideration  of  the  waste  assimilative 
capacity  of  the  receiving  stream  and  as  required  to  meet  the 
limitations  of  Article  2-1  of  the  .Standards.  Wastes  contain¬ 
ing  biodegradable  matter  shall  receive  a  minimum  of 
secondary  trealment  as  defined  in  the  Standards.  Bio¬ 
degradable  and  other  waste  matter  to  be  treated  or  reduced 


shall  not  include  that  incorporated  in  influent  waters, 
unless  special  circumstances  as  determined  by  the  Commis¬ 
sion  require  such  inclusion. 

Seetkm  3-3.6  BOD  Reduetkm.  The  85  percent  minimum 
BOD  reduction  for  secondary  treatment  will  be  determined 
by  an  average  of  samples  taken  over  each  period  of  thirty 
consecutive  days  of  tl\c  year.  It  is  recognized  that  optimum 
efficiency  may  not  be  achieved  with  certain  secondary 
treatment  facilities  during  the  colder  months.  A  slight 
deviation  may  be  permitted  by  the  Commission  when  it 
results  from  reduced  plant  efficiency  caused  by  tempera¬ 
tures  below  59  degrees  F  ( 1 S  degrees  C). 

Section  3-3. 7  Effective  Disinfection.  Effective  disinfection 
is  defined  as  the  destruction  of  pathogenic  organisms.  Since 
isolation  of  pathogenic  organisms  in  water  is  not  routine, 
the  test  for  the  fecal  coliform  group  of  organisms  will  be 
used  as  an  indicator. 

(1)  Coliform  requirement.  Effective  disinfection  means 
the  treatment  of  wastes  such  that  the  number  of  organisms 
of  the  fecal  coliform  group  remaining  after  treatment  docs 
not  exceed  200  per  100  milliliter  as  a  geometric  average, 
nor  l(X)0  per  100  milliliter  in  more  than  10  percent  of  the 
samples  taken  over  a  period  of  thirty  consecutive  days. 

(2)  Chlorination  Chlorination  facilities  shall  be  designed 
to  obtain  a  minimum  contact  time  of  15  minutes  at  peak 
hourly  flow.  After  the  required  contact  time,  maintenance 
of  a  free  chlorine  residual  of  1 .0  milligram  per  liter  at  all 
times,  as  determined  by  the  oithotolidine-arsenite  (OTA) 
test,  will  he  considered  satisfactory  if  the  effluent  is  found 
to  meet  the  coliform  tequiicmenls  of  this  section. 

(3)  Other  methods,  other  tests.  Other  methrids  of 
achieving  effective  disinfection  and  other  tests  which 
satisfactorily  demonstrate  that  cfrcclivc  disinfection  has 
been  achieved  may  be  approved  by  the  ('ommission. 

Seetkm  3-3  S  Other  Substances  in  effluents 

(1)  Color  For  municipal  or  sanitary  wastes,  the  effluent 
shall  not  imparl  objectionable  color  to  the  receiving  waters, 
nor  exhibit  a  true  color  of  more  than  |(X)  units  on  the 
platinum-cobalt  scale  or  the  natural  color  of  the  receiving 
waters,  whichever  is  greater.  Requirements  for  industrial 
wastes  containing  color  will  be  determined  by  the  Commis¬ 
sion. 

(2)  Dissolved  substances.  Dissolved  and  coHoid.al  sub¬ 
stances,  including  nutrients,  discharged  in  waste  effluents 
shall  be  limited  where  necessary  to  prevent  deposition  of 
sediments,  lormation  of  flixculent  materials,  or  excessive 
aquatic  growths,  that  impair  protected  uses,  violate  water 
quality  criteria,  or  generate  additional  oxygen  demands 
upon  the  receiving  waters. 

Section  3-3.  V  Temperature  -  Nontidal  .Areas 

(1)  Trout  waters.  In  waters  classified  for  trout  use  the 
discharge  of  waste  effluents  shall  not  increase  the  natural 
temperature  of  the  receiving  waters  by  more  than  5  degrees 
F  (2.8  degrees  C),  nor  shall  such  discharge  result  in  stream 
teinpcraturc  exceeding  70  degrees  F  (21.1  degrees  C), 
which  temperature  shall  be  measured  in  the  stream  rxitside 
of  mixing  areas  designated  by  the  Commission. 

(2)  Nontrout  waters.  In  waters  other  than  described  in 
paragraph  (1)  above,  the  discharge  of  waste  effluents  shaU 
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not  increase  the  natural  temperature  of  the  receiving  waters 
by  more  than  S  degrees  F  (2.8  degrees  C),  nor  shall  such 
discharge  result  in  stream  temperature  exceedutg  87  degrees 
F  (30.6  degrees  C),  which  temperatures  shall  be  measured 
in  the  stream  outside  of  mixing  areas  as  described  below. 

a.  Heat  dissipation  areas.  The  limitations  specified  above 
may  be  exceeded  by  special  permit  in  heat  dissipation  areas 
designated  by  the  Commission,  subject  to  the  following 
conditions: 

(i)  Maximum  length  Heat  dissipation  areas  shall  not  be 
longer  than  3500  feet,  or  twenty  times  the  average  width  of 
the  stream,  whichever  is  less,  measured  from  the  point 
where  the  waste  discharge  enters  the  stream. 

(ii)  Maximum  width.  Heat  dissipation  areas  shall  not 
exceed  a  maximum  width  of  one-half  the  surface  width  of 
the  stream  or  the  width  encompassing  one-half  of  the  entire 
cross-sectional  area  of  the  stream,  whichever  is  less.  Within 


any  one  heat  dissipation  area,  only  one  shore  shall  be  used 
in  determining  the  limits  of  the  area. 

(iii)  Adjacent  heat  dissipation  areas.  Where  waste  dis¬ 
charges  would  result  in  dissipation  areas  in  such  close 
proximity  to  each  other  as  to  impair  protected  uses,  the 
Commission  may  prescribe  additional  limitations  to  avoid 
such  impairment. 

Section  3-3.10  Temperature  -  Tidal  Areas.  The  induced 
temperature  increase  shall  not  exceed  S  degrees  F  (2.8 
degrees  C)  above  the  average  daily  temperature  gradient 
displayed  during  the  1961-1966  period,  or  a  maximum  of 
86  degrees  F  (30  degrees  C),  whichever  is  less,  which 
temperatures  shall  be  measured  outside  of  mixing  areas 
designated  by  the  Commission. 

The  average  daily  temperature  gradient  displayed  during 
the  1961-l%6  period  may  be  interpolated  from  the 
following  table,  which  is  based  on  available  records: 


Zone  2 

Zone  3 

Zone  4 

Zones  5  &  6 

R.M. 

133.4 

R.M. 

108.4 

R. 

M.  95.0 

R.M. 

78.8 

Date 

to  108.4 

to  95.0 

to  78 .8 

to  0.0 

!L 

!L 

.!£ 

*>C 

0£ 

Jan.  1 

37 

2.8 

41 

5.0 

42 

5.6 

39 

3.9 

Feb.  1 

35 

1.7 

35 

1.7 

36 

2.2 

33 

0.6 

Mar.  1 

38 

3.3 

38 

3.3 

40 

4.4 

38 

3.3 

Apr.  1 

46 

7.8 

46 

7.8 

47 

8.3 

46 

7.8 

A\ay  1 

58 

14.4 

58 

14.4 

58 

14.4 

56 

13.3 

June  1 

71 

21.7 

71 

21.7 

72 

22.2 

69 

20.6 

July  1 

79 

26.1 

79 

26.1 

80 

26.7 

78 

25.6 

Aug.  1 

81 

27.2 

81 

27.2 

81 

27.2 

79 

26.1 

Sept.  1 

78 

25.6 

79 

26.1 

78 

25.6 

78 

25.6 

Sept.  15 

76 

24.4 

77 

25.0 

76 

24.4 

76 

24.4 

Oct.  1 

70 

21.1 

70 

21.1 

70 

21.1 

68 

20.0 

Nov.  1 

59 

15.0 

61 

16.1 

60 

15.6 

57 

13.9 

Dec.  1 

46 

7.8 

50 

10.0 

50 

10.0 

48 

8.9 

Dec.  15 

40 

4.4 

45 

7.2 

45 

7.2 

• 

43 

6.1 

Section  3-3.11  Allocation  of  Capacity 

(1)  basinwide.  Where  necessary  to  maintain  stream 
qu^ity  objectives  or  protect  water  uses  in  a  given  zon^,  the 
waste  assimilative  capacity  of  the  receiving  waters  shall  be 
allocated  by  tlie  Commission  among  individual  dischargers 
in  accordance  with  the  doctrine  of  equitable  apportion¬ 
ment. 

a.  Commission  procedure.  Whenever  the  Commission 
determines  that  allocations  of  a  stream's  waste  assimilative 
capacity  are  necessary  in  a  zone,  tlie  Executive  Director 
shall  find  and  determine  an  allocation  for  each  waste 
discharge  in  that  zone.  Such  determination  shall  be  gov¬ 


erned  by  the  Commission  Rules  of  Practice  and  Procedure 
relating  to  review,  hearing  and  decision  of  objections 
thereto. 

b.  Allocations  not  a  property  right.  Allocations  are  not 
transferable,  except  upon  consent  of  the  Commission. 

c.  Limitations.  No  allocaUon  wiU  exceed  the  residual 
after  treatment  as  required  in  Kcordance  with  Section  3.S 
of  this  Article.  No  allocation  will  exceed  the  lesidual  after 
treatment  necessary  to  meet  any  other  requirement. 

d.  Reserve.  In  eKh  zone,  as  part  of  the  initial  allocation, 
and  each  subsequent  reallocation,  a  reserve  may  be  set  aside 
by  the  Commission. 


NMCROCOPY  RESOLUTION  TEST  CHART 

NAIK>NAl  HUKIAU  (if  SfANOARPS  A 


MLAMANC  RIVEM 


(i)  The  reserve  in  each  zone  riiall  be  utilized  to  accom- 
mr^ate  new  discharges  or  major  changes  ndiich  occur 
subsequent  to  the  initial  allocation,  or  any  reallocation, 
when  appropriate  in  the  judgment  of  the  Conimission. 

(ii)  Individual  allocations  or  portions  thereof  which  are 
no  longer  needed  because  use  of  the  facilities  to  which  they 
are  assigned  is  discontinued  or  substantially  decreased  shall 
be  returned  to  the  reserve. 

(iii)  Where  improved  waste  management  practice  results 
in  a  reduction  of  llie  load  discharged  to  leu  than  the 
allocation,  the  unused  portion  of  the  allocation  shall  not 
revert  to  the  reserve. 

e.  Realloealkmi. 

(i)  All  allocations  shall  be  subject  to  review  by  the 
Cornmiuion  and,  after  such  review,  the  Commistion  may 
make  such  reallocation  as  it  deems  necesury. 

(ii)  If  any  factors  upon  which  an  individual  allocation  is 
based  change  signiricanily.  application  shall  be  made  for 
reallocation. 

(iii)  Whenever  the  reserve  in  a  zone  approaches  deple¬ 
tion,  or  when  the  full  use  of  the  assimilative  capacity  is 
approached,  or  when,  in  the  judgment  of  tlie  Commiuion, 
the  allocalions  existing  at  that  lime  are  no  longer  equitable, 
the  capacity  in  the  zone,  minus  a  reserve,  will  be  reallocated 
among  tlie  wuie  dischargers  in  that  zone. 

f.  ReghnaUzatiim.  Whenever  two  or  more  waste  dis¬ 
chargers  with  separate  allocations  formulate  a  region^  plan 
for  water  quality  control,  allocations  may  be  revised  by  the 
Commission. 

g.  Design  sireamflow.  For  the  purpose  of  detemuning 
the  waste  assimilative  capacity  of  a  stream,  the  following 
design  minimum  streamHows  will  be  used; 

(1)  Unregulated  streams.  Where  streams  are  unregulated, 
a  minimum  consecutive  7-day  (average)  flow  with  a  lO-year 
recurrence  interval  shall  be  the  design  flow. 

(ii)  Regulated  streams.  Where  the  pattern  of  regulation  it 
such  as  to  result  in  weekly,  daily,  or  hourly  variations  in 
flow  significantly  different  from  the  natural  pattern  of 
variation,  the  above  design  flow  nuy  reflect  the  effects  of 
these  variations. 

(iii)  Lakes  and  reservoirs.  Wherever  waste  discharges  may 
affect  the  protected  uses  of  lakes  or  reservoirs,  the 
Commiuion,  after  consultation  with  the  appropriate  States, 
will  determine  the  characteristics  upon  which  to  base 
effluent  quality  requirements  in  relation  to  the  special 
characteristics  of  the  receiving  body  of  water. 

(iv)  Tidal  waters.  Wherever  waste  diKharges  may  affect 
the  protected  uses  or  the  water  quality  criteria  of  tidal 
waters,  the  Commiuion,  after  consultation  with  the  appro¬ 
priate  States,  will  determine  the  characteristics  upon  wUch 
to  base  effluent  quality  requirements  in  relation  to  the 
special  charKteristics  of  the  receiving  body  of  water. 

(2)  Delaware  River  Estuary 

a.  Carbonaceous  oxygen  demand.  Pursuant  to  the  pro¬ 
visions  of  Section  2-1 .3(5)  of  the  Standards,  the  Commis¬ 
sion  determines  that  the  1964  carbonaceous  oxygen  de¬ 
mand  of  the  effluent  load  to  Zones  2, 3, 4,  and  S  exceeded 
the  waste  assimilative  capKity  of  those  zones  to  meet  the 
stream  quality  objectives.  Accordingly,  the  total  carbonace¬ 
ous  oxygen  demand  exerted  by  the  sum  of  all  waste 


diKharges  to  eadi  of  theu  zones  dMil  be  reduced  to  dte 
following: 

Zone  2  )8.600lbs.  perday 

Zone  3  144300Jbs.  per  day 

Zone  4  9l.()00lbs.  per  day 

lane  S  67,600  lbs.  per  day 

(i)  Reserve.  In  Zones  2, 3. 4.  and  5,  as  a  part  of  the  initial 
allocation,  and  each  subsequent  reallocation,  a  reurve  of 
about  10  percent  of  the  total  permissiWe  load  to  the  zone 
may  be  Kt  aside  by  die  Commission. 

(ii)  Allacatum  to  individiul  dischargers.  Within  Zones  2. 
3,  4,  and  5,  the  pounds  of  carbonaceous  oxygen  demand 
preKribed  above,  minus  the  reserve,  will  be  allocated 
among  individual  diKhargers.  Allocations  will  be  based 
upon  the  concept  of  uniform  reduction  of  raw  waste  in  a 
zone. 

(iii)  Allowable  variations.  The  number  of  pounds  in  the 
diKharge  permitted  by  the  allocation  will  be  determined  by 
an  average  of  samples  taken  over  each  period  of  thirty 
consecutive  days  of  the  year.  It  is  recognized  that  optimum 
efficiency  may  not  be  achieved  with  certain  secondary 
treatment  facilities  during  the  colder  months.  A  diKharge 
exceeding  the  allocation  may  be  permitted  by  the  Commis¬ 
sion  when  it  results  from  reduced  plant  efficiency  cauKd 
by  temperatures  below  59  degrees  F  (15  degrees  C). 
provided  that  the  pounds  diKhargcd  by  any  individtid 
diKharger  shall  not  exceed  its  allocation  by  more  than  an 
average  of  two-thirds  over  any  conKcutive  ten  days. 

(iv)  Allocalions  from  the  reserve.  Allocations  from  the 
retetve  will  be  made  ppon  the  same  principles  as  provided 
in  paragraph  (ii)  above,  based  upon  the  concept  of  uniform 
raw  watte  reduction  in  a  zone  at  the  time  the  allocation  is 
made. 

(v)  Reallocations.  Reallocations  will  be  made  upon  the 
same  principles  as  provided  by  paragraph  (ii)  above, 
provided  that  where  the  waste  reduction  by  any  discharger 
results  in  lower  poundage  input  than  i*  has  been  allocated 
such  poundage  differential  will  not  be  returned  to  the 
reKrve  in  the  absence  of  conditions  requiring  a  reallocation 
for  the  zone. 

(vi)  Tidal  tributaries  Wastes  discharged  to  the  portiotu 
of  tributaries  of  the  Delaware  River  Estuary  affected  by 
tidal  action  are  included  in  the  total  permissible  load  in 
CKh  zone,  and  poundage  allocations  will  be  assigned  to 
theK  dischargers  on  the  same  basis  as  effluents  discharged 
directly  to  the  estuary.  However,  additional  requirements 
may  be  imposed  if  any  one  or  group  of  waste  ^Khargers 
complying  with  estuary  load  allocations  exceeds  the  waste 
assimilative  capKity  of  the  tidal  tribblary. 

Section  3-3.12  Intrastate  Thbuiatiet  In  addition  to  the 
requirements  of  this  Article,  effluent  quality  requirements 
on  intrastate  tributaries  shall  include  such  regulations  at  the 
Stale  in  which  the  tributary  is  located  may  impose  in  ordm 
to  comply  with  the  water  quality  criteria  provided  by 
Section  3-2.1(4). 

Section  3-3. 13  Tests,  Sampling,  and  Analysis  l^octdum. 

(I)  Records  Adequate  records  shall  be  kept  by  the 
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dischaiger  of  the  operation  of  each  facility  which  discharges 
waste  effluents  to  Basin  waters,  as  required  by  the  member 
state  pollution  control  agencies,  or  as  may  be  required  by 
the  Conunissiqn.  Such  records  shall  be  made  available  to 
the  Commission  upon  request  of  the  Executive  Director. 

(2)  Sampling  faeUitiet  Facilities,  subject  to  Commission 
approval,  shall  be  provided  for  each  discharge  so  that 
representative  samples  may  be  readily  collected  under  safe 
conditions. 

(3)  SampKng.  Samples  shall  be  taken  by  the  discharger 
in  such  manner  and  in  such  number  as  shall  be  determined 
by  the  Commission  upon  consideration  of  the  volume, 
location,  and  characteristics  of  the  wastes,  sufficient  to 
perndt  the  Commission  to  determine  the  quality  of  waste 
treatnwnt  influents  and  effluents  and  evaluate  in-plant 
reductions.  Samples  may  be  composited,  continuously  or 
hourly,  in  proportion  to  flow  over  24  hours,  or  over  a 
working  cycle,  as  appropriate. 

(4)  Bioassqys.  The  Commission  may  require  bioassays  to 
demonstrate  that  waste  discharges  are  neither  toxic  nor 
harmful  and  will  not  taint  fish  or  shellfish  flesh  beyond  the 
mixing  zone. 

(5)  Analysis  procedures.  Samples  shall  be  analyzed  and 
bioassays  performed  in  accordance  with  the  procedures  in 
the  latest  edition  of  “Standard  Methods  for  the  Examina¬ 
tion  of  Water  and  Wastewater."  or  as  prescribed  by  the 
Commission. 

(6)  yferess.  The  Commission,  its  officers,  agents,  and 
employees  shall  have  access  to  observe  and  inspect  waste 
treatment  and  in-plant  control  facilities  and  to  collect 
samples  for  analyses. 

Section  S-J.  14  Operations.  Waste  treatment  operations  shall 
not  be  curtailed  at  any  time  of  the  year.  Operations  shall  be 
under  the  supervision  of  an  operator  qualified  in  training 
and  experience. 

Article  J-4 

Enforcement  Procedures 

Section  3-4.1  Scope.  The  Standards  will  be  enforced  with 
respect  to  effluent  quality  requirements  in  accordance  with 
a  schedule  to  be  adopted  by  the  Commission.  It  is  intended 
that  such  enforcement  procedures  will  be  administered  with 
due  recognition  and  with  the  utilization  to  the  maximum 
practical  extent  of  the  functions,  powers,  and  duties  of 
water  pollution  control  agencies  of  the  signatory  parties 
and  in  accordance  with  administrative  agreements  which 
may  be  entered  into  by  and  between  the  Commission  and 
su^  agencies. 

Section  3-4.2  Abatement  Schedules 

(I)  Schedule.  Each  discharger,  within  90  days  after 
receiving  a  notice  of  allocation  or  an  abatement  order  under 
these  Regulations,  shall  submit  to  the  Commission  through 
the  appropriate  state  water  pollution  control  agency  a 
propoeed  abatement  schedule.  The  schedule  shall  establish 
the  time  within  which  the  discharger  proposes  to  comply 
with  the  requirements  of  these  Regulations.  The  schedule, 
without  limitation  thereto,  shall  include  the  following 
stages; 

(OSubfidtsion  of  engineer's  report: 

(ii)  Submission  of  conttuction  plans; 


{ iii)  Stsrt  of  construction; 

(hr)  Completion  of  construction; 

(v)  Start  of  operation. 

a.  Form.  The  abatement  schedule  shall  be  filed  in  such 
form  and  contain  such  additional  information  as  shidl  be 
prescribed  by  the  state  agency.  A  copy  thereof  diall  be  fded 
simultaneously  with  the  Commission. 

b.  State  procedure.  Such  agency,  in  accordance  with  its 
established  procedures,  rules  and  regulations,  may  review  a 
proposed  abatement  schedule  and  file  its  findings  and 
recommendations  with  the  Commission. 

(2)  Ctonmisskm  action.  The  Commission,  in  accordance 
with  its  Rules  of  Practice  and  Procedure,  will  consider  the 
findings  and  recommendations  of  the  state  agency,  provide 
for  such  review  and  hearing  as  may  be  required,  and 
determine  and  approve  an  abatement  schedule.  The  Com¬ 
mission  will  approve  a  proposed  abatement  schedule  as 
submitted  or  will  modify  and  approve  such  schedule  as 
modified,  whenever  it  finds  that  the  schedule  will:  (i) 
provide  for  an  efficient  use  of  the  economic  resources  of 
the  Basin,  both  public  and  private;  (ii)  give  due  priority  to 
the  relative  significance  and  urgency  of  reducing  the 
pollution  load  of  the  various  waste  discharges  into  waters  of 
the  Basin;  and  (iii)  accord  due  weight  to  such  other 
considerations  as  may  be  required  by  Article  S  of  the 
Compact  for  a  reasonable  application  of  the  Standards  and 
these  Regulations. 

(3)  Progress  reports.  Each  discharger  shall  submit  prog¬ 
ress  reports  to  the  Commission,  in  such  foiin  and  at  well 
tunes  as  diall  be  directed  by  the  Executive  Director,  with 
respect  to  the  action  upon  its  abatement  schedule. 

Section  3-4.3  Alternate  Procedure;  Notice  and  Hearing 
Whenever  the  Executive  Director  deems  appropriate,  a 
hearing  on  a  proposed  abatement  schedule  may  be  held, 
upon  notice  to  the  discharger,  by  a  hearing  officer  to  be 
designated  by  the  Commission.  Such  hearing  shall  be 
conducted  in  accordance  with  the  Rules  of  Practice  and 
Procedure.  The  hearing  officer  shall  recommend  and  submit 
to  the  Executive  Director  a  proposed  abatement  schedule. 
He  shall  also  transmit  a  copy  thereof  to  the  appropriate 
State  agency  with  a  request  to  forward  comments  within  20 
days.  Upon  approval  of  the  schedule  by  the  Executive 
Director,  he  shill  cause  a  copy  thereof  to  be  served  upon 
the  applicant,  including  notice  to  the  applicant  of  its  right 
of  review  before  the  Commission.  The  abatement  schedule 
shall  become  final  if  the  applicant  shall  fail  to  file  with  the 
Commission  within  10  days  from  the  date  of  service  a 
demand  for  such  review  by  the  Commi^ion. 

Section  3-4.4  Inspection  and  Survedlance.  The  Commission, 
its  officers,  agents,  and  employees  may  inspect  the  opera¬ 
tions  of  waste  treatment  and  in-plant  control  facilities  of 
any  waste  discharger  and  may  install,  operate,  and  maintain 
facilities  for  monitoring  and  surveillance  of  effluents  as  well 
as  water  quality  objectives.  Provision  for  such  monitoring 
and  surveillance  shall  be  deemed  to  be  pan  of  every  order, 
determination,  or  permit  of  the  Commission  approving  an 
allocation  or  an  abatement  schedule  for  any  waste  dis- 
chsrger. 
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Section  J-4.S  NotwompHanee:  Notice.  Wlicnevcr  the 
Executive  Director  determines  that  there  is  cause  to 
conclude  that  a  waste  discharger  may  be  in  violatHHi  of 
these  Regulations,  the  Director  sliall  serve  upon  the  waste 
discharger  a  notice  of  hearing,  requiring  the  waste  di^ 
charger  to  show  cause  within  20  days  thereafter,  at  a 
hearing  to  be  conducted  by  a  hearing  officer  designated  by 
the  Director,  why  a  citation  for  noncompliaiice  should  not 
be  issued.  Following  the  hearing,  the  officer  shall  determine 
wliether  the  waste  discharger  is  in  fact  in  violation  of  these 
Regulations  and  upon  such  finding  shall  recommend  to  the 
Executive  Director  an  appropriate  determination.  If  the 
Executive  Director  determines  that  the  waste  discharger  is 
in  violation,  he  sliall  cause  to  be  issued  and  served  upon  the 
waste  discharger  a  citation  for  noncompliance.  A  copy  of 
the  citation  shall  also  be  served  and  filed  with  the  water 
pollution  control  agency  of  the  signatory  State  in  which  the 
violation  occurs. 

Section  3-4.6  Order  of  Abatement;  SatKtions. 

(I)  Order.  An  order  of  abatement  shall  be  issued  by  the 
Executive  Director,  following  a  citation  for  noncompliance, 
whenever: 

(i)  The  state  pollution  control  agency  has  not  taken 
appropriate  and  timely  action  to  obtain  compliance,  or 

(ii)  There  is  a  disagreement  between  two  or  more  States 
regarding  satisfactory  compliaiKe  by  a  waste  discharge,  or 


(iii)  A  waste  discharge  involves  a  fcderaHytiwned  or 
operated  facdily,  or 

(iv)  There  is  doubt  or  cimflict  of  jurisdictkin  among  the 
Stales. 

(2)  Sanctkmt.  Tlie  Cmiimission  may  invoke  the  sane* 
lions  of  the  Compact  for  violation  of  these  Regulations 
following  the  issuance  of  an  order  of  abatement  by  the 
Executive  Director. 

Sef'lim  3-4. 7  Effective  Date.  These  Regulations  shall  lake 
effect  30  days  after  adoption  by  the  Commission. 

Article  4 

Regumal  Rcquiremenii 

It  sliall  be  the  policy  of  the  Commission  to  promote  and 
encourage  planning  for  regional  solutions  to  water  pollution 
problems.  The  use  of  regional  water  pollution  control 
fKilities  providing  optimum  combinations  of  effkieiKy, 
reliability  and  service  area  will  be  required  throughout  the 
Delaware  River  Basin  to  the  maximum  extent  feasible.  The 
Commission  will  cooperate  with  industries  and  stale, 
county  and  municipal  agencies  seeking  a  regional  solution 
to  water  pollution  problems.  The  Commission  may  provide 
planning,  and,  when  necesury,  constructing,  financing  and 
operating  services  required  for  regional  solutions  to  water 
pollulion  problems  where  other  appropriate  agendes  do  not 
provide  such  services. 


